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PREFACE. 



In the arrangement of this work, it has been deemed advisable to 
depart, in certain points, from the methods usually followed in chemi- 
cal text-books. Those portions treating of technical processes have 
been condensed to a minimimi, while the bearings of chemistry upon 
physiology, hygiene, therapeutics, and toxicology, have been treated of 
as fully as the limits of the work have permitted. The division of the 
elements into metals and metalloids has been abandoned as unscientific, 
and a classification has been adopted which the author believes to pos- 
sess advantages over those hitherto followed, especially in that it is 
based upon purely chemical characters. 

Organic chemistry has not been considered as a distinct division of. 
the subject, but simply as the chemistry of the compounds of carbon ; 
an arrangement not only logical, but sanctioned by the works of Feser, 
Scliiitzenberger, and others. The classification of the carbon com- 
pounds is based, as far as possible, upon their relations to the different 
series of hydrocarbons. 

The size of the volume being limited, the author has preferred to 
abstain from the use of illustrations, thinking that the space could be 
better utilized as it has been. Through mistake of the printer in 
casting up the copy, he has also been obliged to condense that portion 
of the work treating of the third and fourth classes of elements 
more than he wished, and quite out of proportion to the rest of 
the work. 

It is hardly necessary to state that the modem system of notation 
has been followed. All weights and measures are given in the metric 
system, and temperatures in degrees of the Centigrade scale. 

E. A. W. 

706 Mjloison Avenub, New Tors, 
Aogiut 7, 188L 
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INTRODUCTION. 



however, it c 
clianged, a 



in compos) t 



It is difficult to ^ive at the outset a clear and conoise ide& of what 
is understood as chemical sciance. The best and simplest definition of 
chemistry is a modification of timt given by Webster: That branch of 
suienco which treats ot the composition of substances, their changes in 
oomposition, and the laws governing such changes. It will be seen that 
the essential character of the science is that it has to deal with composi- 
tion, and in this the line between physical and clicmioal phenomena is more 
sharply drawn than ilmt between the individual varieties of the former. 

A bar of soft iron is the same Ju composition, whether it be hot or 
oold, luminous or non-luminous, mag'netized or not magnetized. When, 
omes under the dominion of chemical action, its composition 
ind, although the resulting substance contains iron, it differs 
ind properties from that metaU Moreover, this change 
ice brought about, is permanent until another change 
U wrought by another manifestation of chemical action; on the other 
hand, the peculiar property communicated to a substance by a physical 
force is temporary, and only manifested during the action of that force. 

However distinct chemical may llms be from physical forces, it is 
none the less united with them in that grand correlation whose existence 
was first announced by Grove, in 1842, As, from chemical action, mani- 
festations of every variety of physical force may be obtained: ligbt, heat 
and mechanical force from the oxidation of carbon; and electrical force 
from the action of zinc upon sulplinric acid — so does chemical action have 
its origin, in many instances, in the physical forces. Luminous rays bring 
■bout the chemical decomposition of the salts of silver, and the chemic-al 
union of chlorine and hvdrogen: by electrical action a decomposition of 
manv compounds into their constituents is instituted, while instances are 
abundant of reactions, combinations, and decompositions which require a 
certain elevation of temperature for their production. While, therefor 
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chemistry in the strictest sense of the term deals only with those actions 
which are attended by a change of composition in the material acted 
upon, yet chemical actions are so frequently, nay universally, affected by 
existing physical conditions, that the chemist is obliged to give his at- 
tention to the science of physics, in so far, at least, as it has a bearing 
upon chemical reactions, to chemical physics — a branch of the subject 
which has afforded very important evidence in the support of theoretical 
views originating from purely chemical reactions. 



General Properties of Blatter. 

Indestructibility. — The result of chemical action is change in the 
composition of the substance acted upon, a change accompanied by cor- 
responding alterations in its properties. Although we may cause matter 
to assume a variety of different forms and render it, for the time being, 
invisible, yet in none of these changes is there the smallest particle of 
matter destroyed. When carbon is burned in an atmosphere of oxygen, 
it disappears, and, so far as we can learn by the senses of sight or touch, 
is lost; but the result of the burning is an invisible ^as, whose weight is 
equal to that of the carbon which has disappeared, plus the weight of the 
oxygen required to burn it. 

Weight. — All bodies attract each other with a force which is in direct 
proportion to the amount of matter which they contain. The force of 
this attraction exerted upon surrounding bodies by the earth becomes 
sensible as weight, when the motion of the attracted body toward the 
centre of gravity of the earth is prevented. 

In chemical operations we have to deal with three kinds of weight : 
apparent, absoltUey and specific. 

The apparent weighty or relative weight, of a body is that which we 
usually determine with our balances, and is, if the volume of the body 
weighed be greater than that of the counterpoising weights, less than 
its true weight. Every substance placed in a liquid or gaseous medium 
suffers a loss of apparent weight equal to that of the volume of the medium 
so displaced, and is buoyed up to that extent. A cork placed in water 
sinks until it has displaced a volume of water whose weight is equal to 
its own. For this reason the apparent weight of some substances may be 
a minus quantity; thus, if the air contained in a vessel suspended from one 
arm of a poised balance be replaced by hydrogen, that arm of the balance 
to which the vessel is attached will rise, indicating a diminution in weight. 

The absolute weight of a body is its weight in vacuo. It is only deter- 
mined in very accurate chemical work, by placing the entire weighing ap- 
paratus under the receiver of an air-pump, or, in the case of gas^s, ap- 
proximately, by first weighing the vessel from which the air has been 
pumped, and afterward filled with the gas. 

By the specific weight, or specific gravity of a substance, is understood 
the weight of a ffiven volume of that substance as compared with the 
weight of an equal volume of some substance taken as a standard of com- 
parison. It is a well-known fact that equal volumes of different sub- 
stances differ from each other in weight; thus, a litre of hydrogen weighs 
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0.0806 grams, whilo the same vulume uE platinum weighs 31.500 gmina, 
or about 200,000 times as much. 

The substance taken as the unit of the specifit; gravities of solids and 
liquids is water. The specific weights of gases are usually referred to air 
aa a unit; it is better, however, to adopt hydrogeu as auch unit (see p. 
15)- When we say that the specific gravity of sulphuric acid is 1,8, we 
mean that, volume for volume, sulphuric acid is one and eight-tenths 
times aa heavy as water. 

The determination of the specific weight of a substance is frequently 
of great service. Sometimes it affords a rapid means of distinguishing 
between two substances similar in appearance; sometimes in determining 
the quantity of an ingredient in a mixture of two liquids, as alcohol and 
water; and frequently in determining approximately the quantity of 
solid matter in solution in a liquid; it is the last object which we have 
in view in determining the specific gravity of the urine. 

An aqueous solution of a solid has a higher specific gravity than pure 
water, the increase in specific gravity following a regular but different 
rate of increase with each solid. In a simple solution — one of common salt 
in water, for instance — the proportion of solid in solution can be deter- 
mined from the specific gravity. In complex solutions, such as the urine, 
the specific gravity does not indicate the proportion of solid in solution 
with accuracy. In the absence of sugar and albumen, a determination of 
the specific gravity of urine affords an indication of the amount of solids 
sufficiently accurate for usual clinical purposes. Moreover, as urea is 
inaoh in excess over other urinary solids, the oscillations in the specific 
gravity of the urine, if the quantity passed in twenty-four hours be con- 
sidered, and in the absence of albumen and sugar, indicate the variations 
in the elimination of urea, and consequently the activity of disassimilation 
of nitrogenous material. 

To determine the specific gravity of substances, different methods are 
adopted, according as the Bubstance is in the solid, liquid, or gaseous 
state ; is in mass or in powder; oris soluble or insoluble in water. 

Solidit. — J^rat. The substance is heavier than water, insoluble in that 
liquid, and not in powder. It is attached by a fine silk fibre to a hook 
suitably situated on one arm of the balance, and weighed. A beaker full 
of pure water is so arranged that the substance, still attached to the 
balance, is immersed in the liquid; in which condition it is again weighed. 
The second weight will be found to bo less than the first. By dividing 
the weight in air by the loss in water the specific gravity, watcr=1.0(>, is 
obtained. Example: 

A piece of lead weighs in air 82.0 

A piece of lead weighs in water 74,9 

Loss in water 

82.0 

:= 11.55 = sp. gr. of lead. 
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Wjhed and in a separate vessel, i 




powder, the specific gravity bottle (see p, 
water, and the powder, previously 
weighed together. The water 
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poured out of the bottle, into which the powder is then introdaoed, with 
enough water to fill the bottle oompletely. The weight of the bottle and 
its contents is now determined, and is less than the first wei^t by the 
weight of the volume of water displaced by the powder. Here again the 
specific gravity is obtained by dividing the weight of the powder alone 
by the loss between the first and second weighings. 

Second. — If the substance be lighter than water, a sufficient bulk of 
some heavy substance, whose specific gravity is known, is attached to it 
and the same method followed, the loss of weight of the heavy substance 
being subtrabted from the total loss. Example: * 

A fragment of wood weighs 24 

A fragment of lead weighs 44 

Wood with lead attached weighs 68 

Wood with lead attached weighs in water .... 16 

Loss of weight of combination 52 

Loss of weight of lead in water 6 

Loss of weight of wood 46 

24 

— = 0.5217 =8p. gr. of wood. 

46 

Third, — If the substance be soluble in water, its specific gravity, re* 
ferred to some liquid in which it is insoluble and whose specific gravity is 
known, is determined by using that liquid as water is used in 1 . From 
this the specific gravity of the solid, referred to water, is determined bv 
multiplying the specific gravity so obtained by that of the liquid used. 
Example: 

A piece of potassium weighs 2.576 

A specific gravity bottle full of naphtha, sp. gr. 0.758, 

weighs 22.784 

25.360 
The bottle with potassium and naphtha weighs 23.103 

Loss 2.257 

2.576 



2.257 



— 1.141 X 0. 758=0. 865 =sp. gr. of potassium. 



Ijiquids, — ^The specific gravity of liquids is determined by the specific 
gravity bottle, sometimes called picnometer, or by the spindle or hydrom- 
eter. 

Jftrst — ^The method by the bottle is the more accurate, and, if a bal- 
ance be at hand, easily conducted. A bottle of thin glass is so made as 
to contain exactly a given volume of distilled water at a given tempera- 
ture, say 100 c.c. at 15** C. ; the weight of the bottle is also known once 
for all. To use the picnometer, it is simply filled with the liquid to be ex* 
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(imincd and weigbcd. The weight obtained, imnua tliat of the bottle, is the 
speoifio gravity sought it' the bottle contain 1000 cc; -^ if 100 c.c, etc 
Example: having a bottle whose weight is 35.35, and which contains 100 
c.c; filled with urine Jt weighs 137.91, the specific gravity of the urine in 
137.91 -35.35 = 102.5«X 10= 1025.6 Water=1000. 

Secomi, — The method by the hydrometer iu based upon the fact that 
a solid will sink in a liquid until it has displaced a volume of the liquid 
whose weight is equal to its own; and all forms of hydrometers are 
ply contrivances to measure the voliimeof liquid which they displace i 
immersed. The appearance of the hydrometer most used by physic 
the urinomoter, is too well known to require description. It should 
not be chosen too small, as the larger the bulb and the thinner and longer 
the stem, the more accurate will be its indications. Owing to prevailing 
carelessness in the manufacture of uri no meters and to the impossibility of 
reading the graduations with the same accuracy that can be attained in 
detecting small differences in weight, their indications ore never as pre- 
cise as those obtained by the picnometer. 

In all determinations of specific gravity it is of great importance to 
have the liquid examined at the temperature for which the instrument la 
graduated, for the reason that all liquids expand with heat and contract 
when cooled, and consequently the result obtained will be too low if the 
urine or other liquid be at a. temperature above that at which the instru- 
ment is intended to be used, and too high if below that temperature. An 
accurate correction may be made for temperature in simple solutions; in 
a complex fluid like the urine, however, this can only be done roughly by 
allowing 1° of specific gravity for each 3'' C (5.4" Fahr.) of variation in 
temperature. 

The determination of the specific gravity at gases and vapors requires 
all the facilities of a well-appointed laboratory, and, although of the 
greatest imjiortance to the chemist (see p. 161, will rarely be attemptoil 
by the physician. 

Statks of Matter. — Matter exists in one of three states, solid, liquid, 
and gaseous. In the solid form the particles of matter are comparatively 
close together, and are separated with more difficulty than are those of 
liquid or gaseous matter; or, in other words, the cohesion of solid matter 
is greater than that of the other two forms. In the liquid the particles 
are less firmly bound together and are capable of freer motion about one 
another. In the gas the mutual attraction of the particles disappears 
entirely, and their distance from each other depends upon the pressure to 
which the gas is subjected. 

The term J{ni<l applies to both liquids and gases, the former being 
designated as incompreMtble, from the very slight degree to which their 
volume can be reduced by pressure. The gases are designated as coi"- 
pre»»ihle fluid*, from the fact that their vofume can bo reduced by pres- 
sure to an extent limited only by their passage into the liquid form. 

It is highly probable that all substances which are not decomposed 
when heated are capable of existing in the three forms of solid, liquid, 
and gas. There are, however, some substances which are only known in 
two forms — as alcohol, or in a single form — as carbon; probably because we 
are as yet unable to produce artificially a temperature sufficiently low to 
solidify the one, or sufficiently high to liquefy or volatilize the other. 

The passage of a substance from one form to another is always at- 
tended by the absorption or liberation of a definite amount of heai. In 
pauiDg from the solid to the gaseous form a body absorbs a dvfiiiiM 
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amount ot heat with each chango of form. If a given quantity of 
a temperature bolow the freezing- point of water be heated, its tempera- 
ture ^adually rises until the thermometer marks 0° C, at which point 
it remaioa stationary until the last particle of ice has disappeared. At 
that time another rise of the thermometer begins, and continues until 
100° C. is reached {at "60 mm. of barometric pressure), when the water 
boils, and the thermometer remains stationary until the last particle of 
water has been converted into steam; after which, if t!ie application of 
heat be continued, the thermometer again rises. During' these two periods 
'stake 



of stationary thermometer, heat is taken up by the substani 
indicated by the thermometer or by the sense. Not being sensible, it i* 
said to be latent, a term which is liable to mislead, as conveying the idea 
that heat is stored up in the substance lis heat; such is not the case. 
During the period of stationary thermometer the heat is not sensible as 
heat, for the reason that it is being used up in the urorX: required to effect 
that separation of the particles of matter which constitutes its passage 
from solid to Iiqi)id or from liquid to gaa. The amount of heat required 
to bring about the passage of a g-iveti weight of a substance from the 
denser to the rarer form is always the same, and thefenip«ra<ifreindioated 
by the thermometer during this passage is always the same for that sub- 
stance, unless in cither case a modiiicatioa be caused by a variation in 
pressure. The degree of temperature indicated by the thermometer while 
a substance is passing from the solid to the liquid state is called it^fushnj- 
point; that indicated during its passage from the liquid to the gaseous 
form, its biiiliiig-point. 

The absorption of heat by a volatilising liquid is utilized in the arta 
and in medicine for the production of cold (which is simply the absence of 
heat), in the manufacture of artiKoial ice and in the production of local 
aniBsthesia by the ether-spray. The removal of heat from tlie body in this 
way, by the evaporation of perspiration from the surface, is an important 
factor in the maintenance of the body temperature at a point consistent 
with life. 

WhsTi a substance passes from a rarer to a denser form it gives out — 
liberates — an amount of heat equal to that which it absorbed in ita pas- 
sage in the opposite direction- It is for this reason that, while we apply 
heat to convert a liquid into a vapor, we apply cold to reduce a gas to a 
liquid. As a rule, the thermometrical indication Is the same in which- 
ever direction the change of form occurs; some substances, however, so- 
lidify at a temperature slightly different from that at whicli they fuse. 

Most solids, when heated, are first converted into liquids, and these 
into gases; there are, however, some except ions to this rule. Solids which 
pass directly from the solid to the gaseous form are said to etiblime. 

DiTiHiniLiTY. — All substances are capable of being separated, with 
greater or less facility, by mechanical means into minute particles. With 
suitable apparatus, gold mar be divided into fragments, visible by the aid 
of the microscope, whose weight would be Trmnrgn' n t o on ir "^ ^ grain; and 
it is probable that when a solid is dissolved in a liquid a still greater sub- 
division is attained. 

Although we have no direct experimental evidence of the existence of 
a limit to this divisibility, we are warranted in believing that matter is not 
infinitely divisible. A strong argument in favor of this view being that, 
after physical subdivision has reached the limit of its power with regard to 
compound substances, these may be further divided into dissimilar bodies 
by cnemical meana. 
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The limit of mechanical subdivision b the inokciiU of the phyajeiat, 
ihe smaJlest qu&ntity of matter with which he has to deal. 



Elements and Compounds. 

If we examine the various substances existing' upon and in our earth, 
wc find tliat many nf them can be so decomposed as to ytetd two or more 
other aubstaiices, distinct in their properties from the substaDce from 
whose decompoaitioti they resulted, and from each other. If, for ex- 
ample, sugar be treated with sulphuric acid It blackens, and after a 
white a mass of charcoal separates. Upon furthei; examination we find 
that water baa also been produced, From this water we may by simple 
means obtain two gasca, differing from each other widely in their propei^ 
tics. Sugar is therefor made up of carbon and the two gases, hydrogen 
and oxTgen; but it has the properties of sugar, and not those of either of 
its constituent parts. Moreover, if we analyy.e any number of samples of 
pure sugar, we will find all of them to contain tiie same proportionate 
quantities of carbon, hydrogen, and oxygen {sec below). Such a substance 
as sugar is called a compound. 

There exist in nature other substances which it has been impossible, 
hitherto, to deoomposo into other dissimilar bodies; such as those are 
called simple tttbstancc-i or elements. 

There are sixtif-foxir elements at present known; but it is probable 
that, as our methods of investigation are improved, this number will be in- 
creased by the discovery of other elements, existing only in smalt quanti- 
ties. Indeed, durinprthe past year or two tbe discovery of elements not 
included in the above number, scandium, dectpium, philippiu7n, and of 
ytterbium, has been announced. 



XiO.'vrB Governing the Combination of Elements. 

The alchemists, Arabian and European, contented themselves in accu- 
mulatiug a store of knowledge of isolated phenomena, without, as far as we 
know, attempting, in any serious way, to group them in such a manner as 
to learn the laws governing their occurrence. It was not until the latter 
part of the last century, 1777, that Wenzel, of Dresden, implied, if he did 
not distinctly enunciate, what is known as the law of reciprocal propor- 
tions. A f«w years later, Kichter, of Berlin, coniinning the work of 
Wenxel, added to it the law of definite proportions, usually called Dal- 
ton'a first law. Finally, as the result of his investigations from 1804 to 
1S08, Dnltoa added tbe law of multiple proportions, and, reviewing the 
work of his predecessors, enunciated the results clearly and distinctly. 

Considering these laws, not in the order of their discovery, but in that 
of their natural sequence, we have: 

The law of definite proportions, stated in modern language, is that 
the relative weight* of elementary substances in a compound are drjinitt 
and invariable. If, for example, we analyse water, we find that it is com- 
posed of eight parts by weight of oxygen for each part by weight of hydro- 
gen, and that this proportion exists in every instance, whatever the source 
of the water. If, instead of decomposing, or analyang water, we start 
from its elements, and, by synthesis, cause them to unite to form water, we 
find that, if the mixture be made in the proportion of eight oxygen to 
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one hydrogen hj weight, the entire qnmntitj of emch gms will be oonsamed 
in the f<»ination of water. But if an excess of either haTe beeo added to 
the mixture, that excess will remain after the combination. This is 
true of all chemical compounds, and in this we have one distinction be- 
tween a chemical compound and a mere tntaaiwre of two substances; in 
the former the proportion of the constituents is alwajs the same, while 
in the latter it is variable. Another distinction between compounds and 
mixtures is that the former hare properties distinct from those of their 
constituents, and that the properties of these only become erident after 
decomposition of the compound; while mixtures possess the properties 
inherent in one or all of their constituents. 

The law oftnuUipU proporUanBy or Dalton's second law, is Uiat when 
two eUmenU unite with each other to form more them one con^Hnmd^ the 
resulting eompounde contain eimple multiple proportions of one dement 
as compared with a constant quantity of the <iher, 

Oxygtn and nitrogen, for example, unite with each other to form no 
less than five compounds. Upon analysis we find that in these the two 
elements bear to each other the following relations by weight: 

In the first, 14 parts of nitrogen to 8 of oxygen. 
In the second, 14 parts of nitrogen to 8 x 2=16 of oxygen. 
In the third, 14 parts of nitrogen to 8 x 3=24 of oxygen. 
In the fourth, 14 parts of nitrogen to 8 x 4=32 of oxygen. 
In the fifth, 14 parts of nitrogen to 8 x 5=40 of oxygen. 

Finally, the third law, that of reciprocal proportions^ is to the effect 
that the ponderable quantities in whUch substances unite with the same 
substance express the relation^ or a simple multiple thereof in which they 
unite with each oilier. Or, as Wenzel stated it, ^* the weights 6, b\ b" of 
several bases which neutralize the same weight a of an acid are the same 
which will neutralize a constant weight a' of another acid ; an(i the weights 
a, a,' a," of different acids which neutralize the same weight 6 of a base 
itre the same which will neutralize a constant weight of another b&s® ^'•" 



Hie Atomio Theory. 

The laws of Wenzel, Richter, and Dalton, given above, are simply gen- 
eralized statements of certain groups of facts, and, as such, not only admit 
of ho doubt, but are the foundations upon which chemistry as an exact 
science is based. Dalton, seeking an explanation of the reason of being 
of these facts, was led to adopt the view, held by the Greek philosopher 
Democritus, that matter was not infinitely divisible. He retained the 
name atom (aro^os=indivisible), given by Democritus to the ultimate 
particles of which matter was supposed by him to be composed; but ren- 
dered the idea more precise by ascribing to these atoms real magnitude 
and a definite weight, and by considering elementary substances as made 
up of atoms of the same kind, and compounds as consisting of atoms of 
different kinds. 

This hvpothesis, the first step toward the atomio theory as entertained 
to-day, anorded a clear explanation of the numerical results stated in the 
three laws. If hydrogen and oxygen always unite together in the propor- 
tion of one of the former to eight of the latter, it is because, said Dalton, 
the compound consists of an atom of hydrogen, weighing 1, and an atom 
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of oxygen, weighing 8. If, ag&in, in the compounds of nitrogen and 

oxygon, we have the two elements uniting in the proportions 14 : 8 

14: 8x2 14:8x3 14 :8x4 14:8x5, it is because they are 

severally coiuposeJ of an atom of nitrogen weighing 14, united to 1, 2, 
3, 4 or 5 atoms of oxygen, each weighing S. Further, that compounds do 
oat exist in which any fraction of 8 oi^ygen enters, because 6 is tho 
weight of the indivisible atom of oxygen. 

One of the chief advantages of Daiton's hypothesis is in the intro- 
daction of this precise and simple relation between the quantities of the 
oonstituents of a compound. Chemists before Dalton's day, in express- 
ing the results of tiieir analyses, did not progress beyond statements of 
the percentage composition. Expressing the composition of four of the 
DKrbou compounds in percentages, we have: 



r-i.7 =100 



Marsh gas 75.0 25.0 

Olefiantgas 85.7 14.3 

Carbonic oxide 42.9 .... 

Carbonic acid 27.3 



At first sight, these figures convey nothing beyond the mere centesimal 
composition of the substances which they express. The cardinal point 
of Dalton''s discovery lies in his translation of them into the simple rela- 
tions: 

Cikrbun. Hyitrvpvu- Oxygun. 

Marsh gas 6 i 

Olefiant gas 6 I 

Carbonic oxide 6 . . S 

Carbonic acid 6 .. 16 



Dalton's hypothesis of the existence of atoms as definite quantities did 
not, however, meet with general acceptance. Davy, Wollaston, and others 
considered the quantities in which Dalton had found the elements to unite 
with each other, as mere proportiunal numbera, or eipiivalents, as they 
expressed it, nor is it probable that Dalton's views would have received 
any further recognition until such time as they might have been exhumed 
from some musty tome, had their publication not been closely followed 
by that of the results of the labors of Humboldt and of Gay Lussac, con- 
aeniingthe volumea in which gases unite with each other. 

In the form of what are known as Gay Lussac's laws, these results are : 

J^rtt. — 7%fre exhtt a simple rdation between the volumes of gases 
which combine leUk each other. 

/Second. — TTtere exislsa simple relation between theautnofthe volumes 
e^ the constituent gases, and the volume of the gas formed bg their union. 
For example : 



1 volume chlorine unites with 1 volu 

hydrochloric acid. 
1 volume oxygen unites with 2 volun 

vapor of water. 
1 volume nitrogen unites with 3 volui 

ammoaia. 



s hydrogen to fnrm 3 volu 
s hydrogen to form i volu 
;s hydrogen to form 'i volu 



10 GENERAL MEDIO Ali CHEMISTRY. 

1 volume oxygen unites with 1 volume nitrogen to form 2 volumes 

nitrio oxide. 
1 volume oxygen unites with 2 volumes nitrogen to form 2 volumes 

nitrous oxide. 

Berzelius, basing his views upon these results of Gay Lussac, modified 
the hypothesis of Dalton and established a distinction between the egui' 
valents and atoms. The composition of water he expressed, in th e nota- 
tion which he was then introducing, as being HO, and not HO as Dal- 
ton's hypothesis called for. As, however, Berzelius still considered the 
atom of oxygen as weighing 8, he was obliged also to consider the atoms 
of hydrogen and of certain other elements as double atoms — a fatal defect 
in his system, which led to its overthrow and the re-establishment of the 
formula HO for water. 

It was reserved to Grerhardt to clearly establish the distinction be- 
tween atom and molecule; to observe the bearing of the discoveries of 
Avogadro and Ampere upon chemical philosophy; and thus to establish 
the atomic theory as entertained at present. 

As a result of his investigations in the domain of organic chemistry, 
Gerhardt found that, if Daiton's equivalents be adhered to, whenever 
carbonic acid or water is liberated by the decomposition of an organic 
substance, it is invariably in double equivalents, never in single ones; 
always 2C0, or 2H0 or some multiple thereof, never CO, or HO. He 
further found that if the equivalents C=6, H=l, and 0=8 be retained, the 
formulse became such that the equivalents of carbon are always divisible 
by two. In fact, he found the same objections to apply to the notation 
then in use, that had been urged against that of Berzelius. 

In 1811, Avogadro, from purely physical researches, had been enabled to 
state the law which is now known by his name, to the effect "that equal 
volumes of all gaseSy under like conditions of temperature and pressure^ 
contain eqtial members of m>olecul€S. 

In the hands of Gerhardt this law, in connection with those of Gay 
Lussac, became the foundation of what is sometimes called the " new 
chemistry." Bearing in mind Avogadro's law, we may translate the first 
three combinations given in the table on p. 9 into the following: 

1 molecule of chlorine unites with 1 molecule of hydrogen to form % 

molecules of hydrochloric acid. 
1 molecule of oxygen unites with 2 molecules of hydrogen to form 2 

molecules of vapor of water. 
1 molecule of nitrogen unites with 3 molecules of hydrogen to form 2 

molecules of ammonia. 

But the ponderable quantities in which these combinations take place 
are: 

35.5 chlorine to 1 hydrogen. 

16 oxygen to 2 hydrogen. 

14 nitrogen to 3 hydrogen. 

And as single molecules of hydrogen, oxygen, and nitrogen are in these 
combinations subdivided to form 2 molecules of hydrochloric acid, water, 
and ammonia, it follows that these molecules must each contain two 
equal quantities of hydrogen, oxygen, and nitrogen, less in size than the 
molecules themselves. And, further,^ in these instances each molecule 
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contains two of these EmoIIer (juantit 



the weights of the moleciilee 
weights of the atoms, and i 



relation between 



must be also the relation between 
I may therefor express the combJnati 



the 



1 atom of chlorine 

35.5 
1 Atom of oxygen 



weighing { 
weighing I 



1 atom of nitrogen weighing 
14 



unites with j 1 ^^l" °^ hydrogen weighing 

unites with i ^ "°'"« ''/ hydrogen weighing 

j 1 each; 
unites with \ ^ **''""' °J '■y'^™g«" weighing 



and consequently, if the atom of hydrogen weighs 1, tliat of chlorine 
weighs 35.5, that of oxygen 16, and that of nitrogen 14. 



Atomlo and Molecular Weights — Valenoe. 

Atomic weights. — The distinction between molecules and atoms may 
ha expressed by the following definitions: 

A molecule it the amalkst quantity of any subatance that can exist in 
thefiree state. 

An atom is t/te smallest quantity of an elementary substance that can 
enter into a chemical reaction. 

The molecule is always made up of atoms, upon whose nature, num- 
ber, and arrangement with regard to each other, the properties of the sub- 
stance depend. In an elementary eubstunce the atoms composing the 
molecules are the same in kind, and usually two in number. In com- 
pound substances they are dissimilar and vary in qtiantity from two in a 
simple compound, like hydrochloric acid, to several hundreds in the more 
complex organic subatanoes. Obviously, the word atom can only be used 
in speaking of an elementary body, and that only while it is passing 
through B reaction. The term molecule, on the other hand, applies indif- 
ferently to elements and compounds. 

The atoms have, as we have seen, definite relative weights; and upon 
an exact determination of these weights depends the entire science of 
quantitative analytical chemistry. A vast amount of labor has been be- 
stowed upon fixing these quantities accurately. Berzelius, who was the 
fint to recognize their importance, devoted over thirty years to the task, 
which he performed so carefully that many of the weights which he gave 
are those still in use. Subsequently, as new elements were discovered, 
and as methods of investigation were improved, other determinatione 
were made by Dumas, Marignac, Krdmann, Marchaud, Stas, Cooke, end 
others. 

These weights, determined by repeated and careful analyses of per- 
fectly pure compounds of the elements, express ihe weight of one atom 
of the element as compared with the weight of one atom of hydrogen, 
that being the lightest element known. What the absolute weiijht of an 
atom of any element may be we do not know, nor would the knowledge 
be of any service did wo possess it. 

The following table contains a list of the elements tA present known, 
«rith their atomic weights: 
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ELEMENTS. 

I A. 

SjTBiboL 



Aluminium . . 
Antimonj , . , 

Arsenic 

Barium 

Bismuth 

Bromine . 

Cadmium .... 

Csesium 

Calcium 

Carbon 

Cerium 

Chlorine . 

Chromium 

Cobalt 

Copper 

Didymium... 

Erbium 

Fluorine . . , . 

Gallium 

Ghicinum . . . 

Gold 

Hydrogen , . . 

Indium 

Iodine 

Iridium 

Iron 

Lanthanium . 

Lead 

Lithium 

Manganese . . 

Mercury 

ilolvbdeoum. 

Nictcol 

Niobium . , . . 
Nitrogen . . . . 

Osmium 

Oxygen 

Palladium . . . 
Phosphorus . . 
Platinum . . . . 
Potassium . . . 
Rhodium . . . . 
Rubidium . . . 
Ruthenium .. 



Fl. 
Ga. 
Gl. 



Mg. 
Mn. 
Hg. 
Mo, 

Ni. 
Nb. 
N. 

09. 

O. 

Pd. 

P. 

Pt. 

K. 

Rh. 

Rb. 

Ru. 



37.5 
120 

75 
137.2 
210 

11 

79.962 
112 
133.6 



56 
139 

306.92 
7 

24 

56.2 
200 

96 

59 



106.5 

31 
198 

39.137 
104 

85.4 



104 



B-a 



0.2143 
0.05077 
0.08140 

0.03084 
0.3663 
0.08433 
0.05669 

0.17 ' 
0.4589 
0.04479 
0.093 

0.10696 
0.09515 
0.04563 



0.0803 

0.4079 

0.03344 

3.41 

0.057 

0.05412 

0.03259 

0.11379 

0.04485 

0.03140 

0.9408 

0.2499 

0.1217 

0.03333 

0.07218 

0.10863 

0.1652 

0.03113 

0.145 

0.0593 

0.1887 

0.03244 

0.1655 

0.05803 



5.89 


6.09 


6.10 


6.48 


3.99 


e.ii 


6.35 


6.80 


5.51 


6.18 


3.30 


6.31 


6.04 


6.60 
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Kura. 


A. 

BymW. 


Atomio 
weight 


SpeoiGe hut. 


D. 

Atomie 
heat. 
B>C. 


Selenium . . 


Se. 

Si. 

Ag. 

Na. 

Sr. 

S. 

Ta. 

Te. 

Tl. 

Th. 

Sn. 

Tl. 

W. 

U. 

V. 

Y. 

Zn. 

Zr. 


79 
28 

107.93 

23.043 

87.5 

33.075 
137. G 
128 
204 
234 
118 

50 
184 
120 

51.3 

02.6 

65.3 

89. (J 


0.08468 
0.2029 

0.05701 
0.3934 

0.20359 

o.osiss 

0.03355 
0.05623 
0.03343 

0.09555 
0.0666 


6.69 

5.68 
(i.l5 
C.76 

k'.io 

6.84 
c!63 
6!i5 

6!23 
5.9? 


BiUcon 


Silver ... 








Tanulum 












ur.Lm. ■::;::.■:;:;:::: 








zil^niim;::::::::;:::: 




deed, cases frequently arise in which the results of numerous unalyscs are 

cues we obtain valuable indications from the physical properties uf the 

means. 

These observers found, in 1819, that there existed a definite relation be- 
tween the atomio weight of an element and its specific heat {see p. 30), 
and that the product obtained by multiplying these two quantities to- 

weights differ greatly from each other — 7 and 234 being the extremes — 

that the product obtained by multiplying the two together does not 

above table aa its atomic heat. 

numbers is the correct atomic weight of an element, we determine its 

which, when multiplied by the specific heat, gives a result most nearly 

It will be noticed, on examining the table, that the atomic heats of 

bests of carbon, boron, silicon, sulphur, and phosphorus are subject to 

1 
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Speoifio Atomio 

^ bmL hmL 

BOBON. 

Crystallized at— 39.6** 0.1915 2.11 

CrysUUized at+ 76.7** 0.2737 3.01 

Crystallized at +233.2° 0.3663 3.99 

Amorphous 0.265 2.81 

Cabbon. 

Diamond at- 50.5** 0.0635 0.76 

Diamond at+140° 0.2218 2.66 

Diamond at +985° ...\ 0.4589 5.51 

Graphite at- 50.3** 0.1138 1.37 

Graphite at+138.5° 0.2542 3.05 

Graphite at +977.9** 0.4670 5.60 

Wood charcoal 0.2415 2.90 

Silicon. 

Crystallized at - 39.8° 0.1360 3.81 

Crystallized at+128.7° 0.1964 5.50 

Crystallized at +232.4° 0.2029 5.68 

Fused at +100° 0.175 4.90 

Sulphur. 

Orthorhombic at+ 45° 0.163 5.22 

Orthorhombic at+ 99° 0.1776 5.68 

Liquid at +150° 0.234 7.49 

Recently fused at+ 98° 0.20259 6.48 

Phosphobus. 

Yellow at- 78° 0.174 5.39 

Yellow at+ 36° 0.202 6.26 

Liquid at+100° 0.212 6.57 

Amorphous at+ 98° 0.170 5.27 

It will be observed that, as the temperature of the solid element is 
increased, the atomic heat more nearly approaches 6.4. It will further 
be noticed that those elements with which the perturbations occur are 
precisely those which are capable of existing in two or more allotropic 
forms (see p. 30). As in the passage of an element from one allotropic 
condition to another, absorption or liberation of heat always takes place, 
as the result of " interior work ; " it is more than probable that these 
perturbations are due to a constant tendency of the element to pass from 
one allotropic condition to another. 

The atomio heats of those elementary gases which have only been 
liquefied by enormous cold and pressure are tolerably constant at about 
2.4. 

Other considerations of a physical nature having a bearing upon the 
atomic weights will be considered later. 

Molecmar weight — ^The molecular weight of a substance is the weight 
of its molecule as compared with the weight of an atom of hydrogen. It 
is also, obviously, the sum of the weights of all the atoms making up the 
molecule. 

The determination of molecular weight is chiefly of importance in the 
study of the compounds of carbon. We can readily determine the per- 
centage composition of an organic body by analysis; this does not, 
however, indicate the number of atoms of each of the constituent ele- 



B WKiains- 

menls. For example, if we analyze tlie gas acetylene, aiiU the liquid 
benzene, we obtain the following results: 

Carbon 02.31 92.31 24 

Hydrogen 7.C9 7.C9 2 



100.00 100.00 



2C 



Upon further examination we find the molecular weight of acetylene 
to be 2C, and consequently we know its molecule to consist of two atoms 
of carbon and two of hydrogen. The molecular weight of benzene, on the 
other hand, being 78, or 3G x 3, we know that its molecuio consists of six 
Moms each of carbon and hydrogen. 

A very ready means of deteroaining the molecular weight of any sub- 
stance which we can convert into a gaa is baaed upon Avogadro's law. 
The specific gravity of a gas ia the weight of a given volume as compared 
with that of an equal volume of hydrogen. But these equal voiumea con- 
tain equal numbers of molecules (p. 10), and therefor, in determining 
the specilic gravity of a gas, we obtain the weight of its molecule aa com- 
pared to that of a molecule of hydrogen; and, as the molecule contains 
two atoms of hydrogen, while one atom of hydrogen is the unit of com- 
parison, it follows that the specific gravity of a gas, multiplied by two, is 
Its molecular weight. 



VALENCE, OR ATOMICITY. 



One atom of chlorine combines with one atom of hydrogen. 
One atom of oxygen combines with two atoms of hydrogen, 
One atom of nitrogen combines with three atoms of hydrogen, 
One atom of carbon combines with four atoms of hydrogen. 



i possess different powers of 
compounds formed by the 
divalent, nitrogen is trival- 

1 variable. Thus, 



and that the atoms of different elements thu 
holding hydrogen in combination. In the 
above unions chlorine is unioaknt, oxygen ii 
enl, and carbon is quadrivalent. 

But the valence of the elements ia not fixed and 
■while chlorine and iodine each combine with hydrogen, 
in those compounds are consequently univalent, they unite with each 
other to form two compounds — one containing one atom of iodine and one 
of chlorine, the other containing one atom of iodine and three of chlorine; 
chlorine being univalent, iodine is obviously trivalent in the second of 
these compounds. Again, phosphorus forms two chlorides, one containing 
three, the other five atoms of chlorine, to one of phosphorus. 

In view of these facts, we must consider, either: 1, that the valence of 
in element is that which it exhibits in its most saturated compounds, as 
phosphorus in the pentachloride, and that the lower compounds are non- 
S«turated and have free valences; or 2, that the valence is variable. The 
Snt supposition depends too much upon the chances of discovery of com- 
pouods in which the element has a higher valence than that which might 
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be considered as the maximum to-day. The second supposition — notwith* 
standing the fact that, if we admit the possibility of two distinct valences, 
we must also admit the possibility of others — is certainly the more tenable 
and the more natural. In speaking, therefor, of the valence of an ele- 
ment, we must not consider it as an absolute quality of its atoms, but 
simply as their combining power in the particular class of compounds 
under consideration. Indeed, compounds are known in whose molecules 
the atoms of one element exhibit two distinct valences; thus, ammonium 
cyanate contains two atoms of nitros^en: one in the ammonium group is 
quinquivalent, one in the acid radical is trivalent. 

It has been found that, in the great majority of instances in which an 
element exhibits different valences, they differ from each other by two. 
Thus, phosphorus is trivalent or quinquivalent; platinum is divalent or 
quadrivalent. 

The valence of an atom is expressed in notation by signs placed above 
and to the right of the symbol (see below), thus: CI', univalent; O", diva- 
lent; N'", trivalent; C*^, quadrivalent; P% quinquivalent; (Fe,)^", hexaval- 
ent. 

S3rxnbol8 — ^Forxnulse — ^Equations. 

Symbols. — ^These are conventional abbreviations of the names of the 
elements, whose purpose it is to introduce simplicity and exactness into 
descriptions of chemical actions. They consist of the initial letter of the 
Latin name of the element, to which is usually added one of the other 
letters. If there be more than two elements whose names begin with the 
same letter, the single-letter symbol is reserved for the commonest ele- 
ment. Thus, we have nine elements whose names begin with C; of these 
the commonest is Carbon, whose symbol is C; the others have double- 
letter symbols, as Chlorine, CI; Cobalt, Co; Copper, Cu (Cuprum), etc. 

These symbols' do not indicate simply an indeterminate quantity, but 
one atom of the corresponding element. When more than one atom is 
spoken of, the symbol is not repeated, but the number of atoms which it is 
desired to indicate is written either before the symbol, or, in small figures, 
after and below it; thus, H indicates one atom of hydrogen; 2C1, two 
atoms of chlorine; C^, four atoms of carbon, etc. 

FormidoB. — What the symbol is to the element, the formula is to the 
compound; by it the number and kind of atoms of which the molecule of 
a substance is made up are indicated. The simplest kind of formulse are 
what are known as empirical formuke; which indicate only the kind 
and number of atoms which form the compound. Thus, HCl indicates a 
molecule composed of one atom of hydrogen united with one atom of 
chlorine; 5H,0, five molecules, each composed of tw^o atoms of hydro- 
gen and one atom of oxygen, the number of molecules being indicated 
by the proper numeral placed before the formula, in which place it applies 
to all the symbols following it. Sometimes it is desired that a numeral 
shall apply to a part of the following symbols only, in which case they 
are enclosed in parentheses, thus: 3(S04)A]„ means 3 times SO^ and 
twice Al. This may also be written (S0J,A1,. 

For the other varieties of formulae, see p. 23. 

Eqtiationa are combinations of formulae and algebraic signs so arranged 
as to indicate a chemical reaction and its results. The signs used are the 
plus and equality signs; the former being equivalent to ''and," and the 
second meaning ^' have reacted upon each other and have produced." The 
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subHtUROes entering Into the reftotioii &re placed before tlie e'luality aigJi 
and the products of the reuotion after h ; thus, the equation 

2KHO+SO,H,!=SO,K,+3H,0 
means, when translated into ordinary language: two molecules of pot- 
ash, each composed of an atom of potassium, one atom of hydrogen and 
one atom of oxygen, unii one molecule of sulphuriu acid, composed of 
one atom of sulphur, four atoms of oxygen and two atoms of hydrogen, 
Aave reacte<l upon each other and have produced one molecule of potas- 
sium sulphate, composed of one atom of sulphur, four atoms of oxygen 
and two atoms of potassium, and two molecules of water, each comptosed 
of two atoms of hydrogen and one atom of oxygen. The saving of time 
and labor by the use of symbols is obvious from this example. As no 
material is ever lost or created in a reaction, the number uf each kind of 
atom occurring before the equality sign in an equation nuist always ba 
tho same as that occurring after it. 



1 
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Radicals — Aolds — Bases and Salts. 



idicals. — Id the molecules of compound substances the atoms are 
not placed at random, but certain of them are attached more closely ti> 
each other than they are to the remainder; and most, if not all, com- 
pounds contain within the molecule a group of atoms, whose valences 
are not all satisfied, and in which the atoms are so closely linked that the 
entire group is capable of passing readily from one combination to an- 
other unchanged, although it is not necessarily capable of a sep&rate 
exiatence; such a group is called a radical. Marsh-gas, for instance, has 
the empirical formula CH,. By acting upon this substance in suitable 
ways, we can cause the atom of carbon, accompanied by three of the 
hydrogen atoms, to pass unchanged into a variety of other substances, 
»uoh as; {CHJCl; (OH,)OH; (CH,),0; C H,0, {CHJ, etc.; we therefor 
consider marsh-gas as made np of the raclical (CH,) combined with an 
atom of hydrogen, (C'H,)H. It is usual to enclose the radical in brackets 
or parentheses to indicate its nature. 

Like the elements, the radicals possess different valences, depending 
upon the number of unsatisfied elementary valences which they contain. 
Tnua, in the radical (CH,) three of the four valences of the atom of car- 
boa are satisfied by three atoms of hydrogen; the remaining free valence 
of the carbon atom renders the radical univalent; it gives it a power of 
oombination equal to that of an atom of a univalent elemeut. These 
radicals play an important part in the chemistry of the carbon compounds. 

Acid*. — It is a difficult matter to give a concise definition of an acid, 
which shall cover the meaning fully. The usual definition is " a compound 
of an electro-negative radical with hydrogen, which hydrogen it can part 
with in exchange for a metal or basylous radical," which is probably as 
satisfactory a definition as can be given at present. The two character- 
istics of an acid being that it contains, on the one hand, an electro-nega- 
tive radical or element, and, on the other hand, hydrogen capable of being 
replaced by an electro-positive radical or element. The atoms of hydro- 
gen so replaceable are termed the iiviic or replacealtle hydrogen of the 
aetd, tho acid itself being designated as monofxmc, dibasic, tribasic, te- 
troMuic, etc., according as it contains one, two, three, four, etc., atoms of 
JHWb raplaceable hydrogen. 
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By electro-positive or hasylous elements or radicals are meant such as 
are disengaged at the zinc or negative pole, when their compounds are 
decomposed by the action of the galvanic battery. 

By electro-negative or acidulotis are meant such as are disengaged at 
the platinum or positive pole under like circumstances. In the following 
table are given the electric conditions of the more important elements and 
radicals: 



Electbo-pokitive, or Basylous. 



ElECTBO-NBOATIVE, OB ACIDULOITS. 



Hydrogen. 


Copper. 


Oxygen. 


Anenia 


Potassiam. 


Mercury. 


Fluorine. 


Antimony. 


Sodium. 


Tin, 


Chlorine. 


Boron. 


Lithium. 


Iron. 


Bromine. 


Carbon. 


Silver. 


Cobalt 


Iodine. 


Silidum. 


Ammoniam. 


Nickel 


Sulphur.. 


Molybdenum. 


Caldnm. 


Gold. 


Selenium. 


Tungsten, 


Barium. 


Bismuth. 


Tellurium. 


and their oxidized 


Zinc. 


Platinum. 


Nitrogen. 


radicals. 


Magnednm. 


Aluminium. 


Phosphorus. 


Cyanogen. 


Cadmium. 


Chromium. 






Lead. 


Alcoholic radicalB. 







Bases, — A base is a compound of hydrogen and oxygen with an elec- 
tro-positive element or radical, which it is capable of giving up in exchange 
for the hydrogen of an acid ; indeed, it may be considered as one or more 
molecules of water, in which one-half the hydrogen has been replaced by 
an electro-positive element or radical. Thus, KHO, potassium hydrate; 
(NHJIIO, ammonium hydrate. These substances, being considered as 
derived from water, are called hydrates; they are, according to existing 
views, the only substances to which the term base properly applies. 

Bases and acids are capable of what is called double decomposition 
with each other. That is, the acid and base are both decomposed, while 
water and a salt are formed : 

KHO + NO.H = H,0 -f NO,K. 

rotaaainm Nitric Water. PotMsiam 
hydrate. acid. nitrate. 

Salts are substances formed by the substitution of basylous radicals 
or elements for a part or all of the replaceable hydrogen of an acid. 
They are always formed, therefor, when bases and acids enter into 
double decomposition. They are not, as was formerly supposed, formed 
by the union of a metallic with a non-metallic oxide, but, as stated above, • 
by the substitution of one or more atoms of an element or radical for the 
hydrogen of the acid. Thus, the compound formed by the action of sul- 
])huric acid upon quicklime is not SO,CaO, but SO^Ca, formed by the 
interchange of atoms 

S 



-and not 



0.- 



S 



— <- 
> 



(Ca 
-O 



<^ 



( 



O 



( 



Ca 
O 



BADICALfl ACIDS — BABES AWD SALTS. T9^ 

for which reason it is not the sulphate of lime, as it was formerly called, 
but calcium ndpkate. 

The basylous element of a salt is endowed with contiiderable tnobiiity, 
and may be readily transferred from one acid radica,! to another; or liber- 
ated by the presence of an acid radical with which it has a greater ten- 
dency to unite {for which it has a greater affinity), or of an element whose 
tendency to unite with its acidulous radical is greater than its own. Thus, 
if sodium sulphate and barium nitrate be brought together in solution, 
tiie following double decomposition occurs; 

SO,Na,+(NO,),Ba=SO.Ba+aNO.Na. 

Again, silver is separated from the nitrate by the presence of mercury; 
lead from its acetate in the presence of /.inc; copper from its sulphate in 
the presence of iron, etc. 

If two acids be brought in the presence of a single base, the latter is 
divided by the former according to their alHnities, subject to the modifi- 
cations due to the volatility of tne acid, or its insolubility, or the Insolu- 
bilitv of the salt formed. 

U one of the acids be volatile at the temperature at which the reac- 
tion occurs, it is driven off. Sodium nitrate and sulphuric acid may 
eiist together at ordinary temperatures, but upon heating the mixture 
the nitric acid is driven off and sodium sulphate is formed. 

If one of the acids be insoluble, its influence becomes nil — it separates 
in the solid form while the other takes its place; thus, if potassium silicate 
nod hydrochloric acid be brought together, potassium chloride remains \n 
the soiutioii and silicic acid separates. 

Whenever two salts in solution are brought together, the basylous 
elemetit of one of which is capable of uniting with tlie acidulous radical 
of the other to form an inaoUthlii salt, the insoluble compound is formed. 
Thus, if 11 solution of a eulphate be added to a solution of a barium salt, 
the insoluble barium sulphate is precipitated. 

What, has been stated of two acids in presence of one base also a{v 
plies to two bases in presence of one acid. 

The term salt, as used at present, applies to the compound formed by 
the substitution of another element for the hydrogen of Hfiy acid; and 
indeed, as used by S[>me authors, to the acids themselves, which are con- 
sidered as salts of hydrogen. It is probable, however, that eventually 
the name will be limited to such compounds as correspond to acids whose 
molecules contain more than two elements. Indeed, from the earliest 
times of modern chemistry, a distinction was observed between the hnioiil 
takt, i, e., those the molecules of whose corresponding acids consisted of 
hydrogen united with one other element, on the one band; and the salts 
of the oxacids, i. c, those into whoso composition oxygen entered, on tho 
other hand. This distinction, however, has gradually ullen into the back- 
ground, for the reason that the methods and conditions of formation of 
the two kinds of salts are usually the same (pAkh the, basyloits elemetU bf- 
iong» to t/uil cloM of elements uatiaUy designated as metallic. 

There are, nevertheless, important distinctions between the two kinds 
of salts, which we believe to be of sufBcient importance not only to men- 
tion, but to make a factor in the classification of the elements (see p. 3G). 
The salts of the hydracida (haloid salts) maybe readily obtained without 
the previous formation of the acid, as potassium unites directly witli 
tblOTinc to form potassium chloride. The salts of the oiacids, on tk^J 
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other handy are onlj formed by the subetitation of the basjlons element 
for the hydn^en of the previously formed acid, by some double deoom* 
]>osition or by the oxidation of an existing compound, in all oases in which 
the corresponding acid is capable of separate existence. There are, for 
example, three methods of formation of potassium sulphate: either by the 
action of the basylous element or its hydrate upon sulphuric acid — 

SO,H,4-K_ =SO,K,-fH 
SO,H,-f2KHO=SO,K,-f2H,0; 

or hy double decomposition — 

2NO,K-hSO,H,=SO,K,4-2NO.H; 

or by the oxidation of the sulphide — 

SK,4-20,=S(\K,. 

In those cases in which the acid corresponoing to the salt has not 
been obtained, it is more than probable that the formation of the add 
precedes that of the salt. The true carbonic acid, for instance, CO,H,, is 
not known, yet its anhydride, CO,, is capable of forming salts; but, as the 
formation of these salts occurs only in the presence of water, we may infer 
that the reaction 

CO,-f-H,0=CO,H, 

occurs before the formation of the salt. 

An important difference between the two classes of compounds, and 
one which we have utilized in our classification of the elements, is that, 
while there exist compounds of all the elements corresponding to the 
liydracids, there are many elements which are not capable of replacing 
the hydrogen of the oxacids to form salts; and those elements, thus in- 
capable of forming oxysalts, are strongly electro-negative, and their ox- 
ides are capable of uniting with water to form acids (see p. 27). 



Nomenolature. 

The names of the elements are mostly of Greek derivation, and have 
their origin in some prominent property of the substance; thus, phos- 
phorus^ <^k39, light, and ^^tv, to bear. Some are of Latin origin, as silicofi^ 
from sile^y flint; some of Gothic origin, as iron, from tarn/ and others are 
derived from modem languages, as potassium^ from pot-ash. Very little 
system has been followed in naming the elements, beyond applying the 
termination ium to the metals, and im or on to the metalloids; and even 
to this rule we find such exceptions as a metal called inanganese and a 
metalloid called suljyhnr. 

The names of compouful substances were formerly chosen upon the 
same system, or rather lack of system, as those of the elements. So long 
as the number of compounds with which the chemist had to deal remained 
small, the use of these fanciful appellations, conveying no more to the 
mind than perhaps some unimportant quality of the substances to which 
they applied, gave rise to comparatively little inconvenience. In these 
later days, however, when the number of compounds has risen high in the 
thousands, some systematic method has become absolutely necessary. 



The principle at the base of the system of nomenclature at present used 
is that the n& me shall itself convey, as far as possible, the composition and 
character of the subatance. 

Oompouuds consisting of two elements, or of an element and a radical 
oiily, binary cvmpounda, are designated by compound names made up of 
ihe name of the more electro-positive, followed by that of the more elec- 
tro-negative, in which the termination ide has been substituted for the 
terminationa ine, on, ogen, yg&i, onis, turn, and iir. For example; the 
compound of potassium and chlorine is called potassium chlor«&, that of 
potassium and oxygen, potassium oxide, that of potassium and phos- 
phorus, potassium phosphide. 

In a few instances the older name of a compound is used in preference 
to the one which it should have under the above rule, for the reason that 
the substance is one which is typical of a number of other substances, 
sad therefor deserving of exceptional prominence; such are ammonia, 
NH ; toater, H,0. 

When, aa frequently happens, two elements unite with each to form 
more than one compound, these are usually distinguished from each other 
by prefixing to the last word of the name the Greek numeral correspond- 
ing to the number of atoms of the element designated by that word, as 
compared with a, ^ze(i number of atoms of the other element. 

Thus, in the series of compounds of nitrogen and oxygen, most of 
which contain two atoms of nitrogen, N, is the standard of comparison, 

i cooBequently the names are ae follows: 

NX) = Nitrogen r»ortoxide. 

NO (=N,0,) =Nitrogen dioxide. 
N,0, = Nitrogen (rioxide. 

N,0 (=N,0,) = Nitrogen tetroxide. 
N,0, t^Nitrogen penloxide. 

■Another method of distinguishing two compounds of the same two 
•lements consists in terminating the iirst word in oua in thut compound 
which contains the less proportionate quantity of the more electro-nega- 
tive element, and in ic in that containing the greater proportion; thus: 



SO — SulphurO(« o 

SO,=Sulphur(V ox\ 



ide. 



Hg,CI. (2Hg : aCl) = Mereuro(w chloride. 
HgCI,{aHg : 401) =JIerour!V chloride. 

method, although used to a certain extent in speaking of compounds 
tosed of two elements of Class II. (see p. 27), is used chiefly in speak- 
ing of binary compounds of elements of different classes. 

in uaniing the oxuctds the word «u:id is used, preceded by the name 
i>[ the electro-negative element other than oxygen, to which a prefix or 
sulSx is added to indicate the degree of oxidation. If there be only two, 
the least oxidized is designated by the suffix oiM, and the more oxidisod 
by the suffix ic, thus: 



i 



= Nitroii* acid. 
= Nitric acid. 



be more than two scids, formed in regular aeries, the lei 
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dized is desi^ated by the prefix hypo and the suffix ouz; the next by the 
suffix (yas; the next by the suffix ic; and the most highly oxidized by the 
prefix jper and the suffix toy thus: 

ClOH =7Z^oohloroM« aoid. 
C10,H=Chloro!« acid. 
C10.H= Chloric acid. 
C10^H=P<?rchlonc acid. 

Certain elements, such as sulphur and phosphorus, exist in acids which 
arc derived from those formed in the regular way, and which are specially 
designated (see pp. 88, 112). 

The names of the salts are derived from those of the acids by drop- 
ping the word acid^ changing the termination of the other word from imB 
into Ut^ or from ic into cUty and prefixing the name of the eleotro-positiTe 
element or radical; thus: 

SO.H, ' SO.K 

SnlphnroiM add. Potaaiinm snlphlMi. 

SO^H, SO^K, 

Bolphmic addL Potaniam talpluifi. 

ClOH ClOK 

HypoohloroiM acid. Potaaiiam hypochlorfft. 

Acids whose molecules contain more than one atom of replaceable hy- 
drogen are capable of forming more than one salt with electro-negative 
elements, or radicals, whose valence is less than their basicity. Ordinary 
phosphoric acid, for instance, contains in each molecule three atoms of 
basic hydrogen, and consequently is capable of forming three salts by the 
replacement of one, two, or three of its hydrogen atoms by one, two, or 
three atoms of a univalent element; to distinguish these the Greek pre- 
fixes mono, diy and tri are used thus: 

PO^H K=JiroMopotassic phosphate. 
P0^Hk,=2>ipotassic phosphate. 
PO^K, = THpotassic phosphate. 

The first is also called c^i'/ty^/ropotassic phosphate, and the second hydrodi^ 
potassic phosphate. 

In the older works, salts in which the hydrogen has not been entirely 
displaced are sometimes called ^'salts (bicarbonates), or acid salts; those 
in which the hydrogen has been entirely displaced being designated as- 
neutral salts. 

A few elements, such as mercury, copper, and iron, form two distinct 
series of salts; these are distinguished, in the same way as the acids, by 
the use of the suffix ous in the names of those containing the less propor- 
tion of electro-negative group and the suffix ic in those containing the 
greater proportion, e, g. : 

SO,(Cu,), (ISO, : 4Cu)=Cuprowj? sulphate. 

SO, Cu, • (2S0, : 4Cu)=Cuprio sulphate. 

SO,Fe (2S0, : 2Fe)=Ferro?/« sulphate. 

(SO,),Fe, (3S0, : 2Fe)=Ferr/o sulphate. 

The names, basic salts, «f/^salts, and o^nysalts have been applied in- 
differently to salts, such as the lead subaoetates, which are compounds- 
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ainiiig t}ie norma! acetate and the hydrate or oxide of lend; and to 
i such as the so-called bismuth subnitrate, which is a nitrate, not of 
bismuth, but of the univalent radical (Bi"'0")'. 

By double salts are meant such as are formed by the substitution ot 
diEFerent elements or radicals for two or more atoms of replaceable hydro- 
^ of the acid, such as amraonio-magnesian phosphate, PO.Mg" (NH,)', 

Oxides, Hydrates, and Chlorides. 

g^"(ltlid«s, hydrates, and chlorides of the various elements differ 
Yother materially in their properties. The oxides of a oertarii 
when they unite with water, form hydrates which pos- 
. ..a ftoid properties; such oxides are called anhydrides. The oxides of 
another class of elements unite with water to form hydrates endowed with 
strongly basic properties. Between these two classes is a third, some 
of whose oxides form hydrates which are basic in character, while others 
unite with water to form acids (see p. 37). 

As a rule, those elements which form basic hydrates also form chlo- 
rides which are either insoluble in water, or soluble without decomposition. 
Those eleihents, on the other hand, whose oxides are all anhydrides, form 
chlorides which are decomposed when they come in contact with water. 




lypioal Formulaa and Formulae of Constitution. 

The formulie which we have hitherto used, nnd which art? known as 
empirical tornmlje, indicate only the number and kind of atoms consti- 
tuting' the molecule — indications which would seem at lirst sight to be all 
that could be required of them. When, however, it was found that two 
substances existed, each composed of the same kind and number of atoms, 
and yet possessing very different physical and chemical properties, the 
inference naturally followed that these differences must be due to a dif- 
ferent arrangement of the atoms within the molecule — a different i-onsti' 
uaion, as it is called. To indicate these differences extended formulie 
were devised: typical /ormulce, which show only the more salient points 
of the constitution of the substance; and ffraphic formulas, or formiilin 
oj" conttitution, which are intended to set forth the entire structure of the 
molecule. 

The idea of chemical types was first suggested by Dumas in 1830. In 
the system of typical formulfe all substances are considered as bein;r so 
constituted that their rational formula may be referred to one of three 
classes or types, or to a combination of two of these types. These three 
classes, being named after the most common substance occurring in each, 
are expressed thus: 



H,L\ 
H, 
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it being considered that the formula of any substance of known consti- 
tution can be indicated by substituting the proper element, or radical, for 
one or more of the atoms of the type, thus: 

Hydrochloric Alcohol. Ethylamincu Oalcliim Sulphuric Urea, 

add. <Moride. add. 

Typical formulae are of great service in the classification of compound 
substances, as well as to indicate, to a certain degree, their nature and 
the method of the reactions into which they enter. 

Referring, for instance, to the formula of marsh-gas, given on p. 17, 
as (CH,) H, we find that it belongs to the same type as hydrogen, and 

that its typical formula is jj f • '^^^s formula indicates not only that 

the substance is composed of the univalent radical CH, with an atom of 
hydrogen, but also that the extra-radical atom of hydrogen, being united 
to an electro-positive radical, is not replaceable after the manner of the 
basic hydrogen of an acid, although it may be replaced by an electro- 
negative element, such as chlorine. The radical CH, is also capable of 
removal and passage into other forms of combination ; it may be made to 

pass from the compound ri j- into that having the composition p| > , 

and from that into tI [ O. The last formula indicates a substance 

which is of the same type as water, and is consequently the hydrate of 
the radical, a hydrate which, owing to the electro-positive character of 
the radical, is not acid. If, however, the radical be oxidized, it becomes 

electro-negative, and the resulting substance, ^ /r [- O, is endowed with 

acid properties, and, as the typical formula indicates, contains a single 
atom of basic hydrogen. 

There are two substances which, on analysis, each prove to have tht^ 
composition C,H^O„ and which, nevertheless, differ from each other 
widely in their properties. By a further examination of these two sub- 
stances, we find that one contains the group (CH,)', while the other con- 
tains the group (C,H,0)', united to one atom of replaceable hydroKen. 
The difference in their constitution at once becomes apparent in their 

typical formulae, ' /prr y [• O and ^ « * H i ^' which also indicate differ- 
ences ill their properties, which we find upon experiment to exist. The 
first substance is neutral in reaction and possesses no acid properties; it 

closely resembles a salt of an acid having the formula ^ H r ^' ^^ 

second substance, on the other hand, has a strongly acid reaction, and 
markedly acid properties, as indicated by the oxidized radical and the 
extra-radical hydrogen. It is capable of forming salts by the substitution 
of an atom of a univalent basylous element for its single replaceable atom 

of hydrogen ^ « '-^r^ v O. Again, the action which takes place between 

caustic potash and acetic acid is indicated more accurately and intelli- 
gibly by the typical equation — 
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g(o 



+ 



C.H.0 



g(o = gfo 



+ 



C,H.O 



^\o. 



than by the empirical equation — 



KHO + C,Hp, = H.0 + C,H.O,K. 



Although typical formulas have been, and still are, of great service, 
many cases arise, especially in treating of the more complex organic sub- 
stances, in which they do not sufficiently indicate the relations between 
the atoms which constitute the molecule, and thus fail to convey a proper 
idea of the nature of the substance. Considering, for example, the ordi- 
nary lactic acid, we find its composition to be C,H O,, which, expressed 

t (C H OV ) 

typically, would be ^ • * H l ^«' * constitution supported by the fact 

that the radical (C,H^O)" may be :^tovned in other compounds, as 
^ cA i * '^^^^ constitution, however, cannot be the true one, because 

in the first place, lactic acid is not dibasic, but monobasic; and, in the 
second place, there is another acid, called paralactic acid, having an iden- 
tical composition, yet dilTering in its products of decomposition. These 
difEerences in the properties of the two acids must be due to a different 
€trrangement of atoms in their molecules, a view which is supported by 
the sources from which they are obtained and the nature of their products 
of decomposition. 

To express the constitution of such bodies, graphic formulce are used, 
in which the position of each atom in relation to the others is set forth. 
The constitution of the two lactic acids would be expressed by graphic 
formulas in this way: 



"\0— H 
^\0_H 



and 



or. 



CH, 

ca 

CO.OH 

Ofdinary 
iMticaoid. 



Cf-H 
^O— H 

^O— H 



CH.OH 



OH and 



I 
CH. 

CO. 



OH 



Fumlnctio 
acid. 



It must be understood that these graphic formulae are simply in- 
tended to show the relative attachments of the atoms, and are in nowise 
intended to convey the idea that the molecule is spread out upon a flat 
aurfaoe with the atoms arranged as indicated in the diagram. The for- 
mula of ordinary lactic acid shows that one of its atoms of carbon has 
three of its valences satisfied by three atoms of hydrogen, and is attached 
by its remaining valence to another atom of carbon, one of whose oth'^'* 
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valoncoH in HatiAfiod by aii atom of hydrogen, another by the univalent 
grouj) on, and whose remaining valence attaches it to the third atom 
of carbon, two of whose remaining valences are satisfied by one atom of 
ilio divalent clomcnt oxygen, and the last by the g^up O^ 

(ireat cans and niucFi labor are required in the construction of these 
p^rapiiic fortnuhi*, the positions of the atoms being determined by a dose 
Mtiidy (if the methods of formation, and of the products of decomposition 
of tlu; substanco under consideration. Naturally, in a matter of this na- 
turo, thorn is always room for differences of opinion — indeed, the entire 
uiotnio theory is open to question, as is the theory of gravitation itself; 
but, whatever may be advanced, two facts cannot be denied : first, that 
(chemistry owes its advancement within the past half-century to the atoniio 
ihoory, which to-day is more in consonance with observed facts than any 
HiibNtituto which can be offered ; second, that without the use of graphic 
form II III) it would be impossible to ofTcr any adequate explanation of the 
reactions which we observe in dealing with the more complex organic sub- 

HtailCCH. ^ 

In olieniistry, as in other sciences, a sharp distinction must always be 
nuido botwiMMi fartM and theory: the former, once observed, are immut- 
able additions to our knowledge; the latter are of their nature subject to 
change with our increasing knowledge of facts. We have every reason 
for believing, however, that the supports upon which the atomic theory 
roHts nn^ su<*h that, although it may be modified in its details, its essential 
featuros will remain unaltered. 



Classifloation of the Elements. 

Tito nooossity of a classification of the elements into groups for con- 
venionoo of stutly was felt onrly in the history of chemistry. Berzelius 
wns tho first to divido all the oleuirnts into two great classes, to which he 
gave the names mtiitiit and uttfoHoids, The metals, being such substances 
as art« opatiue, possess what is known as metallic lustre, are good con- 
ductors of heat and eleotrioity, and an* eleotrt^-positive; the vietalloids^ 
K\\\ the other hanii, such as are gaseous, or« if solid, do not possess metallic 
Iustrt\ have a eom|>aratively low power of conducting heat and electri* 
oit\\ and art* olooln>-negative. 

This division* based, as it will be seen, purely upon physical proper- 
ties, whiolu in many eases, are ill-defined, has become insufficient. Sev- 
eral elements formerly classed under the alK>ve rules with the metals, such 
as arsenic and antimony, resemble phosi^horus in their chemical characters 
much mon* clearlv than ihev do anv of the metals: indeed, bv the char- 
acters mentioned alH>ve, it is impossible to draw anv line of demarcation 
>»'hich shall se|>arate the elements distinctly into two £:roups. 

The clju^itioation of the elements should be such that each group shall 
0\Mitaia elements wh\>se irArmiaii prowriies ar^ similar — the/^yj»#<ii/ pro|>- 
erties being ivusivierwl onlv in so far as they are intimately connected with 
th* chemical ^soe p. Ii5\ Ylie armn^^nient of elements into groups is not 
«H|uaHy easy in all oases: some grv^ups, a« the chlorine gr\)U}>, are sharplj 
ilefine\U while the meml^ers of others differ frv'>m each other more widely 
in their prvnvr:ie*^ The iH^itions of most of the mone recently discovered 
el^nH^iils aw ssT.i uiuvrtaiu, vowing to the imperfei^; state of our knowl- 
i^i^ of their i>r\*:vrties. 

Th^ ni^thvvi o: classsiticatioii which we will avlot^t. ard which we believe 
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to be more natural than any hitherto suggested, is based upon the chem- 
ical properties of the oxides and upon the valence of the elements. We 
would abandon entirely the division into metals and metalloids, and sub- 
stitute for it a division into four great classes, according to the nature of 
the oxides and the existence or non-existence of oxysalts. In the first of 
these classes hydrogen and oxygen are placed together, for the reason that, 
although they differ from each other in many of their properties, they to- 
gether form the basis of our classification, and may, for this and other 
reasons, be regarded as typical elements. They both play important 
parts in the formation of acids, and neither would find a suitable place in 
either of the other classes. Our primary division would then be as follows: 

Class L — Typical elements. 

Class IL — Elements whose oxides unite with water to form acids, never 
to form bases. Which do not form oxysalts. 

This class contains all the so-called metalloids except hydrogen and 
oxygen. 

Class nL — Elements whose oxides unite with water, some to form 
bases, others to form acids. Which form oxysalts. 

Class IV. — Elements whose oxides unite with water to form bases \ 
never to form acids. Which form oxysalts. 

In this class are included the more strongly electro-positive metals. 

Within the classes a further subdivision is made into groups, each 
group containing those elements within the class which have equal valen- 
ces, which form corresponding compounds, and whose chemical ch4ira>c* 
ters are otherwise similar. 



Class L 



Group I. — Hydrogen. 
Group II. — Oxygen. 



Class IL 



Group I. — Fluorine, chlorine, bromine, iodine. 

Group II. — Sulphur, selenium, tellurium. 

Group III. — Nitrogen, phosphorus, arsenic, antimony. 

Group IV. — Boron. 

Group V. — Carbon, silicon. 

Group VI. — Vanadium, niobium, tantalium. 

Group VII. — Molybdenum, tungsten, osmium (?). 

Class m. 

Group I. — Gold. 

Group II. — Chromium, manganese, iron. 

Group III. — Aluminium, gallium (?), indium (?), glucinium. 

Group IV. — Uranium. 

Group V. — Lead. 

Group VI. — Bismuth. 

Group VII. — Titanium, zirconium, tin. 

Group VIII. — Palladium, platinum. 

Group IX. — Rhodium, rutnenium, iridium. 
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Class IV. 

Group I. — Lithium, sodium, potassium, rubidium, csBsium, silver. 

Group II. — Thallium. 

Group III. — Calcium, strontium, barium. 

Group IV. — Magnesium, zinc, cadmium. 

Group V. — Nickel, cobalt. 

Group VI. — Copper, mercury. 

Group VII. — ^Yttrium, cerium, lanthanium, didymium, erbium. 

Group VIII.— Thorium. 



Physiocd Characters of Chemiocd Interest. 

Crystallization. — Solid substances exist in two forms, amorphous 
-and crt/stallifie. In the former they assume no definite geometrical 
shape ; they conduct heat equally well in all directions ; they break 
irregularly; and, if transparent, allow light to pass through them equally 
well in all directions. A solid in the crystalline form has a definite geo- 
metrical shape ; conducts heat more readily in some directions than in 
•others; when broken, separates in certain directions, called planes of 
cleavaffCy more readily than in others; and modifies the course of lumi- 
nous rays passing through it differently when they pass in certain direc- 
tions than when they pass in others. 

Crystals are formed in one of four ways : 1, an amorphous substance, 
by slow and gradual modification, may assume the cirstalline form, as 
vitreous arsenic trioxide (q-v,) passes to the crystalline variety. 2, a 
fused solid, on cooling, crystallizes, as bismuth. 3, when a solid is sub- 
limed it is usually condensed in the form of crystals. Such is the case 
with arsenic trioxide. 4, the usual method of obtaining crystals is by 
the evaporation of a solution of the substance. If the evaporation be 
slow and the solution at rest, the crystals are large and well-defined. If 
the crystals separate by the sudden cooling of a hot solution, especially 
if it be agitated during the cooling, they are small. 

CrystaUography, treating of the relations of the geometric forms of 
•crystals, has become an extended branch of science, only the fundamen- 
tal principles and chemical applications of which can be here considered. 

Most crystals may be divided by one or more imaginary planes into 
equal, symmetrical halves; such planes are called planes of symmetry. 
A normal erected upon such a plane and prolonged in both directions 
until it meets opposite parts of the exterior of the crystal, at equal dis- 
tances from the plane of symmetry, is called an aads of symmetry. When 
a plane of symmetry contains two or more equivalent linear directions 
passing through the centre, that plane is the principal plane of symmetry^ 
And the axis of symmetry normal to this plane is the principal axis. 

Upon the relations of these imaginary planes and axes a classification 
•of all crystalline forms into six systems has been based. These systems 
are the following: 

First, — The regular or cubic system, — In crystals of this system there 
Are three equal axes crossing each other at right angles. The simple forms 
are the cube and its derivatives, the octahedron, tetrahedron, and rhombic 
dodecahedron. The crystals expand equally in all directions when heated, 
And are not doubly- refracting. 

ASecond, — The pyramidal^ riglU square prismatic or tetragonal system 
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oonlaiiis those crystuls which have three axes placed at riglit angles to 
each other — two being equal to each other, and the third cither longer or 
shorter. The simple forma are two prisma, in one of which ihe equal 
axes terminate in the angles of the principal plane, and in the other iu. 
its sides; and two octahedra, differing from each other in the same way 
as the prisms. The crystals of this system expand equally only in two 
directions when heated; they have but one axis of single refraction, ami 
in other directions refract light doubly, 

TTiini. — The lieitugonal or rhouihohedral aysttm includes crystala hav- 
ing four axes, three of which are of equal length, cross each other at (H)', 
and in the same plane; to which plane tiie fourth axis, longer or shorter 
than the others, is at right angles. The simple forms are the din-ot dode- 
cahedron, composed of two hexitgonnl pyramids base to base, in which 
the equal axes terminate in the angles of the principal plane; the inverse 
dodecahedron, which differs from the flirect in that the axes terminate In 
the sides of the principal plane; the rhombohedron; and the Btx-sided 
prism. The crystals expand equally in two directions when heated; re- 
fract li^ht singly through the principal axis, but in other directions 
refract it doubly. 

Fourth. — 7ft<! rhojnfnr^, rii/ht reftnngidur pritinatic, or prUmatic syn- 
Itm. — The axes of crystals of this system are three in number, all at right 
angles to each other, and differing in length. They, like the two follow- 
ing systems, have no true principal plane or axis. The simple forma are 
the r%ht rhombic octahedron and the right prism with a. rhombic base. 

Jnfth. — The oblit/iis or moiioHyrmnetric gyatein. — The crystals of this 
aystem have three axes, two of which cross each other obliquely and at 
tight angles to the third. These axes may be ail of unequal length. 
The simple forma are the oblique octahedron with a rhombic base and 
the oblique rhombic prism. 

Sixth. — 77i« (Mi/iitiitelric, anorlhU; or dvtibly obliipie xystfm contains 
crystals having three axes of unequal length, crossing each other at an- 
gles not right angles. 

The crystals of the fourth, fifth, and sixth systems, when heated, ex- 
pand equally in the directions of their three axes; they refract light 
doubly except in two axes. 

It sometimes happens that half the faces of a simple crystal are de- 
veloped in the formation of a derivative form at ihe expense of the other 
half, which are entirely wanting; such a crystal is said to be liemihtdralj 
it can be developed only in a system having a principal axis. 

IsOMuReiiisu. — Although the number of simple forms of crystals ia 
mnall, the number of their modifications is great; these forms differ from 
eaoh other iu the values of the axes and of the angles of the crystals. 

It has been observed that in many instances two i: 



crystallize in forms absolutely identical which each other, and, in most 
cases, such substances resemble each other in their chemical constitution; 
they are said to be igomorphotu. This identity of orystalline form does not 
.depend so niuch upon the nature of the elements themselves, as upon the 
structure of tho molecule. The protoxide and peroxide of iron do not 
orystallixe in the same form, nor can they be substituted for each other 
in reactions without radically altering the properties of the resultant com- 
pound. On the other hand, all that class of salts known as alums (see 
p, 383) are isomorphous; not only are their crystals identical iu shape, 
but » crystal of one alum, placed in a &a.turutcd solution of another, grows 
by regular deposition of the second upon its surface. Other alums aa 
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be subsequently added to the crystal, a section of which will then exhibit 
the various salts, layer upon layer. 

DiMOBPiiisM. — Although most substances crystallize, if at all, in one 
simple form or in some of its modifications, a few bodies are capable of 
assuming two crystalline forms belonging to different systems; such are 
said to be diffiarphous. Thus, sulphur, as obtained by the evaporation of 
its solution in carbon disulphide, forms octahedra belonging to the fourth 
system; when obtained by cooling melted sulphur, the crystals are oblique 
prisms, belonging to the fifth system. Occasional instances of trimar- 
phismy of the formation of crystals belonging to three different systems 
by the same substance, are also known. 

ALLOTKorv. — 1 )imorphism apart, a few substances are known to exist in 
more than one solid form. These varieties of the same substance exhibit 
different physical properties, while their chemical qualities are the same 
in kind. Such modifications are said to be allotropic. One or more alio- 
tropic modifications of a substance are crystaUiney the other or others 
amorphous or vitreouH, Sulphur, for example, exists not only in two di- 
morphous varieties of crystals, but also in a third, allotropic tortay in which 
it is flexible, amorphous, and transparent. Carbon exists in three allotro- 
pic forms : two crystalline, the diamond and graphite ; the third amor- 
phous. 

In passing from one allotropic modification to another, a substance 
absorbs or gives out heat. 

Specific Hkat. — Equal volumes of different substances at the same 
temperature contain different amounts of heat. If two equal volumes of 
the same liquid of different temperatures be mixed together, the resulting 
mixture has a temperature which is the mean between the temperatures 
of the original volumes. If one litre of water at 4° be mixed with a litre at 
38°, the resulting two litres will have a temperature of 21**. Mixtures of 
«qual volumes of different substances at different temperatures do not 
have a temperature which is the mean of the original temperatures of 
its constituents. A litre of water at 4°, mixed with a litre of mercury 
lit 38°, forms a mixture whose temperature is 27°. Mercury and water, 
therefor, differ from each other in their capacity for heat. The same 
difference exists in a more marked degree between equal weights of dis- 
similar bodies; if a pound of water at 4° be agitated with a pound of 
mercury at 70°, both liquids will have a temperature of 07°. 

Ti.e amount of heat required to raise a kilo of water 1° in tempera- 
ture is a definite quantity. The specific hecU of any substance is the 
amount of heat required to raise one kilo of that substance 1° in tempera- 
ture, expressed in terms having the amount of heat required to raise a 
kilo of water 1° as unity. 

Spectboscopy. — Light in passing through a prism is not only refracted 
into a different course, but is also decomposed or dispersed into different 
colors, which make up a spectrum, . A spectrum is one of three kinds: 
1st, continuouSy consisting of a continuous band of colors: red, orange, 
yellow, green, blue, indigo, and violet. Such spectra are produced by 
light from white-hot solids and liquids, from gas-light, candle-light, lime- 
light, and electric light. 2d, brig/U-li/ie spectra, composed of bright 
lines upon a dark ground, are produced by glowing vapors and gases. 
3d, adsorption spectra consist of continuous spectra crossed by dark lines 
or bands, and are produced by light which gives a continuous spectrum 
passing through a solid, liquid, or gas capable of absorbing rays of certain 
colors. 



Tiie solar spectrum belongs to the lliinl class. FrituiilioCer was tlie 
first to observe that the spft'irum of sunlight yraa not continuous, but in- 
terrupted by a great number of black luiea, crossing it throughout its 
len^h. The more proniiuent of these liiifs he designated by the letters 
A, B, (■, D, K, F, C, H, u, and (•. Most nf these lines correspond in po- 
sition with the bright lines produced by the incandescent vapors of vari- 
ous elemmits. 

The spectroscope consists of four essential parts : 1st, the slit, a 
linear opening between two accurately straight and parallel knife-edges ; 
2d, the uollimating lens, a biconvex lens in whose principal focus the 
slit is placed, and whoso object it is to render the rays from the slit 
jiiirallel before they enter the prism ; 3d, the prism of dense glass, 
and usually of GO", so placed that its refracting edge is parallel to the slit ; 
4th, an observing toiescope, so arranged as to receive the rays as they 
emergfl from the prism. In direct vision spectroscopes a compound 
prism is used, so made up of prisms of different kinds of glass that the 
«merging ray is in the samf\ straight line as the entering ray. 

As the spectra produced by different substances are characterized by 
the positions of the lines or bands, some means of fixing their location 
19 required. The usun.1 method consists in determining thetr relation to 
tho principal Fraunhofer lines, As, however, the relative positions of 
these lines vary with the nature of the substance of which the prism is 
made, although their position with regard to the color of the spectrum is 
lixed, no two of the arbitrary scales used will give the same reading. 

The most satisfactory method of stating the positions of lines and 
bands is in wave-lengths. The lengths of the waves of rays of different 
di!gret."S of refrangibility have been carefully determined, the unit of 
measurement being the tenth-metre, of which 10'° make a metre. Tlie 
wave-leogths, =i, of the principal Fraunhofer lines, are: 

A 7604.00 D 589a.l-J G 4307.25 

B 6867.00 E 5269.13 H 3908.01 



F 4860.72 H 393,3.00 

7185.0 A..... 317a.ft 



The BOaie of wave-lengths can easily be used with any spectroscope 
having an arbitrary scale, with the aid of a curve oonstmcted by interpo- 
lation. To construct such a curve paper is used ivhich is ruled into square 
inches and tenths. The ordinates are marked with a scale of wave- 
lengths and the abscisses with the arbitrary scale of the instrument. Tho 
position of each principal Fraunhofer line is then carefully determined in 
terms of the arbitrary scale, and marked upon the paper with a x at the 
point where the line of its wave-length and that of ils position in the ar- 
bitrary scale cross each other. Through these x a curve la then drawn 
as regularly as possible. In noting [he position of an absorption -band the 
position of its centre in the arbitrary scale is observed, and its value in 
wave-lengths obtained from the curve, which, of course, can only be 
used with the scale and prism for which it has been made. 

PoLAKiMBTRY. — A ray of light passing from one medium into another 
of difTerent density, at an angle other than 90" to the plane of sepa- 
ration of the two media, is deflected from its course, or rifritcted. t'er- 
tHin substances have the power, not only of deflecting a ray falling 
Upon them in certain directions, but also of dividing it into two rays, 
whioh are peculiarly modified. The splitting of the ray is termed doubt* 
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refraction^ aud the altered rays are said to he polarized. When a raj of 
such polarized light meets a mirror held at a certain angle, or a crystal of 
Iceland spar peculiarly cut (a Nichols' prism), also at a certain angle, it 
is extinguished. The crystal which produces the polarization is called 
the polarizer^ aud that which produces the extinction the analyzer. 

If, when the polarizer and analyzer are so adjusted as to extinguish a 
"ay passing through the former, certain substances are brought between 
chem, light again passes through the analyzer; and in order again to pro- 
duce extinction, the analyzer must be rotated upon the axis of the ray to the 
right or to the left. Substances capable of thus influencing polarized light 
are said to be optically active. If, to produce extinction, the analyzer is 
turned in the direction of the hands of a watch, the substance is said to 
be dextrogyroxus; if in the opposite direction, hevoyyrous. 

The distance through which the analyzer must be turned depends upon 
the peculiar power of the optically active substance, the length of the 
column interposed, the concentration if in solution, and the wave-length 
of the original ray of light. The specific rotary power of a substance is 
the rotation produced, in degrees and tenths, by one gram of the sub- 
stance dissolved in one cubic centimetre of a non-active solvent, and ex- 
amined in a column one decimetre long. The specific rotary power is de- 
termined by dissolving a known weight of the substance in a given volume 
of solvent, and observing the angle of rotation produced by a column of 
^iven length. Then let />= weight in grams of the substance contained 
in 1 c.c. of solution; / the length of the column in decimetres; a the an- 
gle of rotation observed; and \a\ the specific rotary power sought, we 
have 

a 

In most instruments monochromatic light, corresponding to the D line of 
the solar spectrum, is used, and the specific rotary power for that ray is 
expressed by the sign [a]x). The fact that the rotation is riffht-handed is 
expressed by the sign +> and that it is left-handed by the sign — . 

It will be seen from the above formula that, knowing the value of [ajo 
for any given substance, we can determine the weight of that substance 
in a solution by the formula 

a 
p=^ . 
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CLASS L 

TYPICAL ELEMENTS. 



AxTHOUtiii, in a strict sense, hydrogen is regarded by most chemists as 
the one and only type-element — that whose atom is the unit of atomic 
and molecular weights — the important part which oxygen plays in the 
formation of those compounds whose nature forma the basis of our clas- 
sification, its acid-forming power in organic compounds, and the differ- 
ences existing between its properties and those of the elements of the 
sulphur group, with which it is usually classed, warrant us in separating 
it from the other elements and elevating it to the position it here occu- 



HYDROGBN. 



H., 



Hydrogen exists uncombined in the gases from the fumarolea of lee- 
Und and Tuscany; in combination very abundantly in water, in many 
organic substances, and in ammoiiiacal compounds. 

Hydrogen is liberated from its compounds: 

first. — By the decomposition of acidulated water by the galvanio 
current, when it is given off from the negative pole. This method is re 
sorted to when chemically pure hydrogen is required. 

iSer.ond. — By the decomposition of water by the chemical action of 
certain metals. This takes place either at ordinary temperatures, as in 
the case of sodium — 



ir at a red heat, i 



Na, -t- 2H,0 = SNaHO + H„ 



3Fe,-(- 8H.0=2Fe,O. -i- 8H.. 
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Third, — By the decomposing action exerted by certain metals, sael 
B zinc, upon the mineral acids in the presence of water — ' 

Zn + SO.H. + KH,0=SO,Zn+H,+xn,0. 

What part the water plays in the reaction is still a subject of disci 
it is probable that its action is rather physical than chemical 
ically pure zinc, or linc whose surface has been coated with an 
alloy of zinc and mercury, does not decompose the acid unless it forma 
part of a galvanic battery whose circuit is closed. The zincs of galvanic 
batteries are therefor coated with the alloy moutioncd — are amalgam- 
ated — to prevent waste of zino and acid. 

This method is the one resorted to for obtaining hydrogen in the 
laboratory ; the gas so obtained is, however, contaminated with small 
quantities of other gases, hydrogen phosphide, sulphide, and arsenide. 

At ordinary temperatures and pressure, and when pure, it is a colorless, 
odorless, tasteless gas, fourteen and one-half times lighter than air, being 
the lightest known substance. One litre at 0° and 760 mm, barometric pres- 
sure weighs O.OSdC gram, a quantity which forms an important unit 
weight, called by Hofmann a crirh {ipiSi/ ^ a barley-corn). It is almost .._ 
soluble in water and in alcohol. It is a bolter conductor of heat and elec- 
tricity than is any other gas. It is the most dilTusible of gases, in obedi- 
ence to the law that the diffusion volume of a gas is in inverse proportion 
to the square root of its density. The rapidity with which its diffusion 
takes place rcuders the use of hydrogen, which has been kept for even a 
comparatively short time in metallic gasometers, dangerous from the 
formation of explosive mixtures of air and hydrogen within. India-rub- 
ber gas-bags are more dangerous than metallic gasometers. 

Hydrogen was fonnerly supposed to be a permanent gas, i. e., not 
capable of reduction to the liquid or solid state. KecenUy, however, 
Oailletet, of Paris, obtained it in the form of a visible cloud ; and Pictet, 
of Geneva, with a pressure of G50 atmospheres and a temperature of 
— 140°, succeeded in reducing it to a steel-blue liquid. 

Under ordinary conditions hydrogen exhibits no great tendency to 
unite with other elements, chlorine being the only one with which it wilt 
unite at ordinary temperatures, and that only under the influence of 
light. At higher temperatures it unites with oxygen. 

Mixtures of hydrogen and oxygen remain such indefinitely at ordinary 
temperatures, but if heated sufficiently even at a. single point, as by the 
passage of an electric spark, a sudden and complete union takes place 
throughout the mass (if t!ie proportions be H2 to Ol), attended by a vio- 
lent explosion, due to the formation of vapor of water and its sudden ex- 
pansion under the influence of the intense heat produced by the union. 
Hydrogen has so marked a tendency to unite with oxygen at high tem* 
peratures that many compounds containing oxygen give up that element 
when heated in an atmosphere of hydrogen : 

CuO -I- H, = Cu + H,0. 

Onjirlc Oldde. Hydrogen. Clipper. Water. 

This removal of oxygen from a compound is called a reduction or da- 
oxidaiioH, and it is by such a process that the reduced iron, or iron by 
hydrogen of pharmacy, is prepared. 

At the instant that hydrogen is liberated from its compounds it has a 
deoxidizing power similar to that which ordinary hydrogen possesses only 



at elevated temperatures. The greater enei^y of hydrogen, and of other 
elements as well, in this nascent atate, may be thus explained: free hydro- 
gen exists in the form of molecules, each one of which is composed of two 
atoms. At the instant of its liberation from a compound, on the other 
hand, it is in the form of individual atoms, and that portion of foroe re- 
quired to split up the molecule into atoms, necessary when free hydrogen 
enters into reaction, is not required when the gas is in the nascent state, 
and consequently a less addition of force in the shape of heat U required 
to bring about the reaction. 

Hydrogen burns in air with a pale but hot flame, the product of the 
combustion being water. It does not maintain combustion or respiration; a 
lighted taper is extinguished when immersed in an atmosphere of hydro- 
gen, and under like conditions an animal dies — ^uot from any poisonous 
notion of the gas, but from its inability to maiutain the processes of res- 
piration. 

In its physical and chemical properties, this element more closely re- 
sembles those usually ranked as metals than it does those forming the class 
of metalloids, among which it is usually placed; its conducting power, its 
appearance in the liquid form, as well as its relation to the acids, which 
may be considered as salts of hydrogen, tend to separate it from the 
metalloids. 

Hydrogen is oonstantly found in small quantity in the gases exhaled 
from the lungs, as well as in those contained in the stomach and intestines. 
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Oxygen ii 
atmospher 



B the most abundant of the elements, and exists uneombined 
which it forms 2X per cent. It also enters into the 
niposition of a vast number of compound substances, mineral, vege- 
table, and animal. 

Although existing in air, and only mixed with nitrogen and small quan- 
tities of other gases, no process has yet been devised which can be advan- 
tageously used for obtaining oxygen from this source directly. Resource 
is always had to the decomposition of some substance rich in oxygon. 

J^itvt, — By heating mercuric oxide (the red oxide) it is decomposed 
into mercury and oxygen: 

2HgO=2Hg-HO,. 

This process Is only of historical interest, as being the one by which 
Priestley first obtained oxygen in 1774, 

Second. — By heating manganese dioxide (black oxide of manganese) to 
redness in an iron or clay retort: 

3.MnO,=:Mn,0,-i-0,. 

The yield according to this equation should be 85 litres of oxygen 
from 1 kilo of the oxide; but, owing to impurities, the amount is much less 
and the gas is impure. 

TSirrf. — By heating manganese dioxide with sulphurio acid in a glass 
tlask: 

3MnO, -I- 3S0.H, =2S0,Mn -l- 2H,0 -h 0.. 
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The theoretio&l yield is 138 litres of gas from each kilo of oxide. 
Fourth. — The best method, and that generally used, is bv the det 
position of pot&ssium chlorate by heat: 

2C10.K=2KCl + 30,. 

The chlorate yields up all of its oxygen to the amount of 272.6 lltn 
per kilo of chlorate. 

The evolution of gas takes place at a lower temperature and i 
more quietly if the chlorate be mixed with one to two parts by weight of n 
ganese dioxide. At the end of the operation the manganese dioxide re- 
mains apparently unaltered, and it is probable that during the action it 
goes through a series of oscillating oxidations and deoxidationa, which 
take place at a lower temperature than that required for the decompositioD 
of the chlorate alone. 

Methods hare been suggested by Tessiu du Motay, Boussingault, and 
Maliet, for extraoting oxygen from the air, and attempts hare been made 
to utilize these processes in the arts; but the chlorate process is still in 
general use, ou account of its comparative cheapness and the purity of the 
product. 

Oxygen is a, colorless, odorless, tasteless gas; liquefies under the cob 
hined in6uenae of a pressure of 300 atmospheres and a temperature c 
— 140° (Pictet). The speciiie gravity of the gas is 1.10563 A* or lo.f 
H,t and that of the liquid 0.9787 (Pictet); 1 Hire of the gas at 0° ' 
and 760 mm. weighs 1.437 gram. It is very sparingly soluble in waterS 
somewhat more soluble in absolute alcohol. 

Oxygen la characterized, chemically, by the strong tendency v\\\A 
it exhibits to enter into combination with other elements, only one of 
^vhich is known, i. e., fluorine, that does not form an oxygenated coin 
pound. With most elements it is capable of uniting directly, especialllj 
at elevated temperatures. In many instances this union is attended bv tl 
appearance of light, and always by the extrication of heat. The lun 
tioiLs union of oxygen with another element constitutes the familiar phe- 
nomenon of com&untioji, and is the principal source from which we obtain 
heat and light. A body is said to be combustiblo when it is capable of 
so energetically combining with oxygen as to liberate light as well as 
heat. Certain gases are said to be supporters of combustion, because 
combustible substances will unite with tliem or with some of their con- 
stituents, the union being attended with the appearance of heat and 
light. The distinction between combustible substances and supporter* ■ 
of combustion is, however, one of mere convenience; the action takinefl 
place between the two substances, one is as much a party to it as thi^ 
other. f 

A jet of air burns in an atmosphere of coal-gas as readily, and withl 
the same luminous flame which is observed when a jet of coal-gas i 
caused to burn in air. 

Oxidations, and indeed, most chemical rmions, are attended with » I 
liberation of heat; and in some instances, as when powdered antimony is 1 
thrown into an atmosphere of chlorine, light is also observed without the i 
occurrence of any oxidation. 

The prooess of respiration is very similar to combustion, . 
gen gas is the best supporter of combustion, so, in the diluted form m J 

* Alt unit;, | Hjrdrogen-aiiltj. 
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which it exists i 
supporter of an in 



a respiration. 



', it is not only the best, but the only 



Ozone. 

Air through which discharges of static electrioity have passed as- 
sumes a peculiar odor, resembling somewhat that of sulphur; the same 
odor is perceived in the oxygen obtained by the decomposition of water 
if the electrodes bo of platinum or gold. This odor is due to the conver- 
sion of a part of the oxygen into an allotropic modification called ozone. 

Ozone has not been obtained free from oxygen; indeed, the highest 
degree of ooncentration which has been reached does not exceed one per 
cent, of O£0ne. Thus diluted, ozone is produced: Ist, by the decom- 
position of water by the battery; 'id, by the slow oxidation of phos- 
phorus in damp air; 3d, by the action of conceotrsted sulphuric acid 
upon barium dioxide; 4th, by the passage of electric discharges through 
air or oxygen. It is by the last method that ozonized oxygen is usu- 
ally obtained artilicially, and that the traces of ozone existing in the 
atmosphere are produced. 

Ozone is condensed oxygen, as is shown, by the fact that the latter 
gas contracts when ozonized. When heated to 100° it begins to revert to 
Its primitive form of oxygen, a change which is complete at 237°. It is 
ft powerful oxidizing agent; it converts iodides into iodates; it is de- 
stroyed by contact with rubber, cork, and other organic materials, which 
it oxidizes; it decolorizes organic pigments. 

The presence of ozone in air is demonstrated by its action upon & 
paper impregnated with a mixture of starch and potassium iodide, which 
turns blue on contact with ozone. To exclude other gases capable of 
bluing such paper, a faintly red litmus paper, impregnated with potas- 
sium iodide to half its extent, is also used; if the bluing of the starch 
paper be due to ozone, the litmus paper is also blued, and the action upon 
«it(ier paper does not take place after the ozonized air has been heated 
to 200''. 

When inhaled, air oontaining U.O? gram of ozone per litre causes in- 
tense coryza and hiemoptysis. Its presence in atmospheric air has been 
considered by some as favoring, and by others as jireventive of, conta- 
gious diseases ; certain it is that, by its oxidizing action, ozone is fatal to 
lie lower forms of animal and vegetable life. 



Compounds of Hydrogen and Oxygen. 

Two of these are known: 

Ji^nt. — Hydrogen oxide, or water. 

Second. — Hydrogen peroxide, or oxygenated water. 

Watkb— H,0. 

0(xt4rrence. — Water exists, widely disseminated and in large quantities, 
in the three kingdoms of nature, in the three forms of solid, liquid, and 
gas. 

In unorganized nature, water occurs in the gaseous form in atmos- 
plieric air (see p. 96), and in the vapors discharged from the earth in 
volowiio regions. In the liquid form it exists very abundantly, bold- 
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es. In thv^H 



iog in solution soHd and gaseous matter tn varying quantities, 
solid form, as ice, at temperatures below 0° C, and also in the 
water of cryttaliizalion, by which is understood a certain definite quan- 
tity of water taken up by many substances when they assume the crys- 
talline form. This water is not in the liquid form at ordinary tempera- 
tures, nor yet in the form of ice, but combined with the solid matter of 
the crystal. Although the chemical nature of the substance is not modi- 
fied by the presence or absence of water of crystallization, its presence ia 
necessary to the maintenance of the peculiar shape of the crystal. Tho 
tenacity with which water of crystallization is held in combination varies 
in different substances; in some the union is so loose that on exposure 
to air the crystal loses its water and falls to a shapeless powder; it is then 
said to effioreace. Other crystals, which are said to be permanent in air, 
only lose their water of crystal I iKation if heated; they then melt, and 
part or all the water is driven off, leaving a shapeless mass, which iS' 
capable of crystallization only when the proper amount of water is agaiit 
taken up. 

In the organized world, water forms a constituent part of 
and tissue (see p. 67). 

J^rniation, — Water is produced in a great number of chemicKl 
actions. 

J^r»t. — Moat simply by the direct union of its constituent ga: 
brought about by elevation of temperature: 

2H,+0,=2H,0. 

In obedience to Avo^dro's law, the volume of water-gas formed is tO' 
the volume of the mixture before union as 2 : 3, provided the mixturtt' 
originally contained two volumes of hydrogen to one volume of oxygen, 

SecoTtd. — Whenever hydrogen, or a substance containing hydrogen, i» 
burned in air or oxygen. 

77nrd. — When an organic substance containing hydrogen is heated tOr 
redness in the presence of cupric oxide, or of other substances capable of 
yielding oxygen — 

C,H.O+6CuO=6Cu+aCO,+3H,0. 

AlnAol. 0di>t1d Oopper. Culnn Water, 
oxide. cUoildfl. 

a reaction which is utilized for the determination of the amount of 
hydrogen contained in organic substances. 

J^ourth, — When an acid and a hydrate react upon each other to form 
a salt : 



I 



1-2H,0. 



^/th, — In tho reduction of metallic oxides by hydrogen 
+ H,0. 



Sixth. — In the reduction and oxidation of a number of organic sub- 
atAUcea, 
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Puff iraler may be obtained either by tho union of its elements or 
by the separation of naturally occurring water from the solid and gaseous 
substaDces which it hulds in solution and in suspension. The purification 
of natural water, effected by the processes of filtration and distillatioi>, is 
the method resorted to in all cases. To obtain water sufficiently pure 
for chemical purposes, it is boiled in a vessel of tinned copper, called a 
still, and the vapor is directed through a tube, around which cold water 
is made to circulate, and in which the vapor is condensed to the liquid 
form. The condensing tube is usually of block-tin, or, preferably, of glass. 
The first 10 per cent, of condensed water is rejected, as it contains air, 
carbon dioxide, ammonia, and many volatile substances which the water 
may have held in solution. The following 70 per cent, of the original 
volume is collected for use, the distillation being stopped while 30 per 
cent, of the original water remains in the still. 

Distilled water so obtained should be perfectly clear, colorless, odor- 
less, and tasteless, and should leave no residue when a email quantity is 
evaporated upon platinum foil. Although ordinary distilled water is 
sufficiently pure for most chemical purposes, it is not absolutely free 
from impurity, and when evaporated in a platinum basin it leaves more 
or less residue. To obtain a chemically pure water is a matter of some 
difficulty. Distilled water should be used in the preparation of all aque- 
ous solutions intended for use in chemical manipulations. 

Pkytical properties. — At temperatures below 0° C, with a barometric 
pressure of 7G0 mm., water assumes the solid form ; between C and 100° 
it is liquid ; and at temperatures above 100% the pressure remaining the 
same, it is gaseous. The freezing and boiling points are modified by the 
haroniGtric pressure, and by the presence of solid matter in solution in 
water. Tho freezing-point is, under ordinary conditions, at 0° of the 
Centigrade scale, and at 'i'2° of the Fahrenheit. Under certain conditions, 
as when enclosed in capillary tubes and at complete rest, it may be cooled 
as far as — lo" C. without solidifying. If water so cooled be agitated, it 
solidifies instantly, and the temperature suddenly rises to 0°. 

In solidifying, water is rather suddenly expanded, and this expansion 
takes place with great force; for this reason ice is lighter than water at 
any temperature below 8.5°, and consequently floats. Water is at its 
densest at 4° C The solidification of water is a crystallization; the form 
of the crystals, which belong to the hexagonal system, may be readily 
observed in snow, or even, under suitable conditions, in ice, wnich is com- 
posed of closely applied crystals. 

The boiling-point is subject to much greater variations than the freez- 
ing-point; it falls, with diminutions of pressure, to the extent of about 
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1° C. for each fall of 26 mm. of pressure. Conversely, as the pressui 
increased tho boiling-point rises, attaining 300° with a pressure of be- 
tween fifteen and sixteen atmospheres. Advantage is taken of the fall 



of the boiling-point with diminished pressure to measure the altitude of 
mountains, upon the tops of some of the higher of which boiling water 
is not hot enough to be of service in culinary operations. The increased 
'temperature which may be imparted to liquid water under pressure is 
utilized in many processes in the laboratory and in iho aris, for effecting 
solutions and chemical actions which do not take place at lower temper- 
atures. The boiling-point of water holding solid matter in solution is 
higher than that of pure water, the degree of increase depending upon 
the amount and nature of the substance dissolved. On the other band, 
nixtnres of water with liquids of lower botling-point boil at tempt 
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tures less than 100°. Although the conversion of water into water-gu 
takes place most actively at 100°, water and ice evaporate at all tem- 
peratures. 

One of the most important physical properties of water is its high 
rank as a solvent, there being comparatively few substances, solid, liquid, 
or gaseous, which are absolutely insoluble in it. The solution of a sub- 
stance in water roay take place in two very different ways. The action 
may be partly chemical, as when barium oxide is dissolved in water, com- 
bination of the two substances taking place with formation of barium 
hydrate — 

BaO-(-H,0=BaH,0„ J 

ioh is subsequently dissolved. In solutions of this kind, as in othcpV 
i&stances where chemical union takes place, the action is accompanied by ' 
of temperature. In true simple soktions, on the other band, 
' . is dissolved in water, there is no chemical action; 
,he contrary, a diminution of temperature. 
The quantity of a substance which a given volume of water is capable 
of dissolving depends upon the nature of the substance, the temperature, 
the presence orabsence of other substances already in solution,and the pres- 
ence or absence of another solvent. Some substances are much more soluble 
in water than others; barium sulphate is insoluble in water, while calcium 
chloride has such an avidity for the solvent that, when exposed to the air, it 
quickly absorbs sufficient water therefrom to form a solution. That pas- 
sage of a solid into solution in absorbed water is known as iJeliquescence, 
As a rule, the power of water to dissolve solids increases with the tem- 

Eerature, while the solubility of gases in water is greater at low than at 
igh temperatures. The quantity of any substance which a given volume 
of water will dissolve at a given temperature is definite; and when this 
quantity has been dissolved, the solution is said to be sntiirated,- it is 
only so for that degree of temperature at which it has been made. Sat- 
urated solutions of solids, as a rule, can be made to dissolve further quan- 
tities by elevation of temperature, or to deposit that which they already 
hold by cooling. Saturated solutions of gases are modified by variations 
of temperature in the opposite way. In the cases of certain salts, solu- 
tions saturated at high temperatures may be cooled without depositing 
any of the salt; they thus become at lower temperatures stipematuratea 
solutions; containing more of the salt than they could be made to dis- 
solve at the temperature to which they have been cooled. A saturated 
solution of one substance in water is often capable of dissolving consid' 
erablo quantities of another substance, and of then becoming capable of 
taking up a further quantity of the first substance. The power of water 
to dissolve gases increases with increased pressure. Fats, resins, and, in 
general, organic substances containing a large number of carbon atoms, 
are insoluble in water. 

Vapor of water is colorless, transparent, invisible (the white cloud, 
usually called steam, is produced by the condensation of vapor of water 
into minute liquid drops); its specific gravity is 0,6234A = 1 or 18 — H=2' 
A litre of vapor of water weighs (reduced to 0° and 760 mm.) 0.8064, or 
nine times as much as an equal volume of hydrogen. 

The latent heat of vaporisation of water is 536.5 ; that is, as much 
beat is required to vaporize Ikllo of water at 100° as would raise 636.fi 
kilos 1° C. in temperature. In passing from the liquid to the gaseoaa 
form, water expands 1,61)6 times in volume. 
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Chemical properties — Deeompo^i/ionn. — J-^rat. — By passing tke cur- 
rent of a galvauiu battery through acidulated water, two volumes of hy- 
drogen are given od at the zinc or uegaiive pole, and one volume of 
oxygen at tbe platinum or positive pole. 

iSecond. — By passing vapor of water through a platinum tube heated 
to whiteness, or tbrough a porous porcelain tube beatcd to about 1,100° 
(Deville). 

Third. — By acting upon water at low temperatures with the alkaline 
metals, hydrogen is given off, and a hydrate of the metal remains in solu- 
tion in the excess of water: 



3H.0 + 2K = 3KHO - 



H,. 



Fourth. — By passing vapor of water over iron hoated to redness, an 
oxide of the metal is formed and hydrogen liberated (see p. 33). 

Ottier reactiotia. — FirU. — Water combines with many metallic oxides to 
form compounds known as hydrates, which may be considered as molecules 
of water in which one-baif the hydrogen has been replaced by an equivalent 
quantity of the metal. When the metal is univalent, the action takes 
place between single molecules of oxide and water, with the formation of 
two molecules of hydrate; or, in other words, the hydrate is formed by the 
substitution of an atom of metal for one atom of hydrogen in a single 
molecule of water: 



» 



K.O -}- H.O = SKHO; 



o between single 
a single molecule 



When the metal is divalent, the action still takes plac 
molecules of water and oxide, but with the formation of 
of hydrate; or, in otlier words, the hydrate is formed by the substitution 
of an atom of the divalent metal for a double atom of hydrc 
double molecule of water: 

H.0 =CaH,0,; 



_^ —Water combines also with the oxides of those elements usu- 

\B§ classed as metalloids, with the formation of hydrates which differ 
very materially in their chemical properties from the hydrates of the 
metals. It combines with the oxides of sulphur and phosphorus to form 
tha >cids of those elements: 




P,0, + 3H,0 = 2PO,H,. 
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Certain of these acids are capable of combining ohemioally with a greater 
number of molecules of water lo form what are known as hydrates of the 
acids. Thus, there are definite hydrates of sulphuric acid having the for- 



SO,H„ H,0 and SO,H„ 2H.0, 



which difier materiallj in their physical properties from the acid SO,H^ 
That these hydrates are not mere mechanical mixtures is shown by tJ 
fact that their formation is attended by the liberation of heat, 

77( !>(/.— Certain substances exhibit a great tendency to absorb water] 
from surrounding bodies, and are therefor used as drying agents; caU 
cium chloride, sulphuric acid and phosphorus pento\ide are used for 
drying gases in the laboratory. The preservative action of alcohol upon 
animal substanoes is largely, if not entirely, due to its power of absorbing 
water, and thus, in a manner, drying the putresoible substances.' 

I'ourth. — The chlorides of the elements of the third and fourth claase* 
are either insoluble in water, or soluble without decomposition 
spending compounds of the second class are decomposed when brougl 
into contact with water: 
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+ 3HC1. 



Natural Waters. 



1 whateTer source natural water is obtained, it always holds sol!tF 
and gaseous matter in solution, and very frequently solid matter in suv'l 
pension as well. The amount and nature of the substances held in solu- 
tion vary greatly with the purity and temperature of the atmosphere 
through which the water has fallen as rain, with the nature of the geo- 
logical strata through or over which it has passed, and with the geo- 
graphical position ofthe source from which it is obtained. 

Natural waters may be divided into potable and ttnpotaMe wat«n.J 
To the first class belong: Ist, rain-water; 2d, snow- and ice-water; 3d^ 
spring-water (fresh); 4th, river-water; 6th, lake-water; 6th, wel)-water.1 
To the second belong: 1st, stagnant waters; 3d, sea-water; 3d, mineral*" 
spring waters. 

I-lrst. — Hain-toater varies much in purity according to the localiol 
ties in which it is collected and the condition of the atmosphere at th»l 
time. It holds in solution comparatively small quantities of solid matter^r 
consisting of chlorides, sulphates, and nitrates of sodium and ammonium. I 
The amount of hydrochloric acid is greatest in the neighborhood of saltll 
water, while the sulphate and nitrate of ammonium are most abundaofe^ 
in the rain-water collected in cities. 

The following table of analyses, by Dr. R. Angus Smith, indicate^f 
variations in the quantity of solid matter in rain-water from diSereakJ 
looalit; 




Rain-Watkk. — AvERA.aE: iMftiBiTiKS PKE M1U.10S Parts. 
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Id commenting upon these results, Dr. Smith obBerves that the 
amount of chlorides Js dependent upon the distance from the aea and the 
direction of ibe prevailing winds; that the sulphuric acid increases as we 
go inland, and is derived parti&lly from the combustion of coal, and pur- 
tially from the decomposition of organic matter; and that when the pro- 
portion of sulphuric acid to hydrochloric acid is greater than 11.6 to lOO. 
the presence of the excess of the former is duo to terrestrial contamination, 

The presence of nitrate and nitrite of ammonium is due, to a certain 
extent, to the decomposition of organic matter, but principally to the 
combustion of coal, as is shown by the large quantity existing in tho 
rain-water collected in manufacturing towns, and by tho greater propor- 
tion of ammonia found in rain-water in Lyons, by Btneau, in winter tnaii 



16.3 



3.1. 



4.0 



0.8 



As, during its formation in and passage through the atmosphere, rain- 
water exposes a large surface, it dissolves, besides solids and vapors, 
comparatively large quantities of gases — oxygen, nitrogen, carbon diox- 
ide, and, over cities, sometimes hydrogen sulphide atid sulphur dioxide 
— the last-named gases being produced by the combustion of coal con- 
taining sulphides. According to Peligot, a litre of rain-water at Paris 
contains 2.4 c.c. carbon dioxide, G. 59 c.c. oxygen, and 14.0 nitrogen. Ac- 
cording to Gerardin, rain-water at the same ^aco contains from 5.18 ca. 
to 8. 0.0. of oxygen per litre. Great care should be taken, in the collec- 
tion of rain-water, that it should not be allowed to come into contact 
with lead surfaces, as the comparatively small quantities of carbon diox- 
ide and carbonates, and the comparatively large quantities of oxygen and 
nitrates which it contains, render it peculiarly prone to 1 
with that metal (see p. 66). 
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Rain-water is liable to contain notable ((uaiilities of organic matter, 
^ ecially in summer, in tbe shape of vegetable spores, nbicb it holds in 
suspension; the presence of these bodies renders the wat«r liable to be- 
come stale when kept. 

Stcond — MelUd enoto and ice. — The waters obtained from those two 
sources differ much from each other as to tlieir purity. That obtained 
from ice is of great purity, so far as dissolved matters go; for these, dur- 
ing crystallization, are to a great extent, although not completely, separa- 
ted from the ice and retained in the unfrozen water. Hassall states tbut 
freezing a small portion of water the following separation took plac 



I Water obtained by melting tbe ice of sea-water is used for drinki 
Water in the Arotio regions. Owing, however, to the separation of 
dissolved gases together with the solids, ice-water has a. Hat taste. 
The water obtained from melted snow contains about the same ] 
Jwrtinu o( fixed solid matter as rain-water, but a less proportion of am 
niacal salts and of gases: 



Total solids 37.0 3.0 14.2 

Chlorine 1.'J4 0.9 

Lime 10.53 trace 14.1 1 



Snow-water 0.01704 

Rain-water 



Snow-water . , 
Kain-water. . . 



I 
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high, mountainous regions, the drinking-waters used ore largely 
mixtures of melted ice and snow, and many observers have attributed 
the goitre and cretinism prevailing in these locations to the use of such 
water (see p. 50). 

77urtl. — i^ri/iff-teater is simply rain-water which has percolated 
through the subjacent strata, and, owing to the conformation of the 
ground and tho arrangement of tbe strata, has made its appearance upon 
the surface at some level below that upon which it originally fell. Dur- 
ing its passage through the earth, in which it is fretjuently subjected to 
pressure, it dissolves solid and gaseous matter, varymg in kind and in 
quantity with the nature of the strata with which the water has been in 
contact, the duration of such contact, and the pressure to which it is 
subjected. 

The amount of extraneous matter dissolved in spring-water, ilierefor, 
varies greatly — from the water of some saline springs, which are almost 
saturated solutions of sodium chloride, to the pure spring-water which 
flows from the side of a porphyrltic or quartz mountain. Between these 
extremes are waters of aH degrees of purity. 

Spring-waters from igneous rocks and from the older sedimentary 
formations are sweet, and any spring-water may be so considered whose 
temperature is below 20° and which does not contain more thau 0.1 
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gmm of solid matter in the litre; provided, however, that a large propor- 
tion of this solid residue is not composed of salts having a medioiiisl action, 
«nd provided also that it does not hold sulphurous gases or sulphides iti 
solution. The mineral water of Plombidres contains only 0.24 gram of 
solid matter to the litre; hut of this, 0.0937 gram is sodium sulphate; 
the waters of BagnC-res contain only 0.237 gram solid matters, of which 
0.064 gram is composed of sulphides; it also has hydrogen sulphide in 
solution. 

Asa rule, the water of "fresh" springs is cool even in summer, contains 
a much less proportion of solid matter than that mentioned above, and 
has a orisp and agreeable flavor, owing to the almost entire absence of 
organic matter and the presence of a comparatively large amount of 
dissolved oxygen. Spring-waters from limestone and dolomite formations 
oontain excessive quantities of the salts of magnesium and calcium, in 
consequence of which, without being valuable as "mineral waters," their 
usefulness as drinking-water is greatly diminished or destroyed (see p. 49). 

Artesian wells may bo regarded as artificial springs, formed by boring 
perpendicularly into the earth, in a low-lying district surrounded by more 
elevated ground, until a permeable layer included between two strata of 
impermeable rock is reached, the strata being so curved that their outcrop 
is in the surrounding elevated district. When such a well has been suc- 
cessfully bored, usually at great cost, it furnishes, without pumping, an 
abundant supply of water, more or less pure, acioording to the nature of 
the strata through which the water has percolated. The following table | 
indicates the nature of the impurities present in the waters from springs ^^H 
and artesian wells: ^H 
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Spring near BeBonqon, 

Spring ia Surrey, England. 

Spring near Anhum, Mo. . . 
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0.0052 
0.1743 


0.003 

0.018 
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0.0317 
0.0388 














Some of these artesian wells are of great celebrity: that at Grenello, 
in the outskirts of Paris, has a depth of 1,?4S feet, and furnishes 516 gal- 
lons per minute, the water rising to a height of 32 foet from the level of 
the ground. ^_ 

JrbiirtA. — Jiiver-ieater is composed of spring-water, rain-water, and ^B 
the drainsgc-water from the country through which the river flows; it con- H 
Uins also ice- and snow-water at all seasons, if the origin of the river bo ^1 
from a glacier or from above the snow-line; and in the lowlands in winter ^1 
and early spring; or sea-water, if it be sufliciently near the ocean to bo ^H 
under tidal influence. River-water may, therefor, be eioellent or en- ^^^B 
tirely unfit fordrinking. A river flowing rapidly through a granitic regiop ^^^B 
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distant from tlie sea, furnishes, unless polluted by man, a pure, bright, and 
higlitj aiirated water; while another, flowing sluggishly through rich, allu- 
vial lands, yields a muddy, unaiirated water, holding large quantiti«s of 
mineral and organic matter in solution and in BuspenaioD. 

The amount of mineral matter held in solution in river-water increases 
with the distance it hoa travelled. The water of a mountain torrent in 
the valley of the Is6re, near its origin in a glacier, was found by Grange 
to contain 0.0301 gram of mineral matter per litre ; the water from the 
same stream, 2,000 metres (1^ mile) below, contained 0.0753 ^ram per 
litre. The waters of the Rhine at Biile contain 0.1604 gram of fixed resi- 
due per iitro (Paeeustechcr); at Strasbourg, about 80 miles below, 0.2317 
gram (H. De\Hire), and at Emmerich, about 400 miles below, 0.389 
cram (Muller). The purity of river-water depends largely upon the 
density of the population, and upon the nature of the industries followed 
upon its banks ; mdeed, the two principal sources of the pollution of river- 
waters are the discharge into them of the sewage of cities aud the wuto 
products of factories. In its passage through a large city, river-water re- 
ceives organic matter, ammonia, chlorides, suljihates, phosphates, and 
carbon dioxide, while it loses oxygen. The amount of free nitrogen re- 
mains nearly the same. In the following table, compiled from the analyses 
of R. A. Smith, Graham, Miller and Hofmann, and Ashk-y, are indicated 
the changes which take place in the amounts of extraneous substances 
dissolved in the water of the Thames, produced during its passage 
through London — these changes occurring notwithstanding the fact that 
the sewage is discharged outside of the city, at a point below Woolwich, 
distant about twelve miles from London Bridge, and that the contamin^ 
tion is caused by the addition of a quantity of filth exceedingly small I 
compared with the total sew ' ' 
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The amounts of dissolved gases are given ir 
Bolids and chlorine in grams per litre. 

The question of the most iidvantageous disposal of the sewage of towni 
and cities is one which, although it has been the subject of a vast amount ' 
of discussion and investigation, is still aubjudice. If, as is unfortunately 
often the case, the sewage is discharged into the nearest stream, the water 
is contaminated to such au extent that it is not only useless for drinking, 
but also a stench in the nostrils of the inhabitants below. There is also 
an economic objection to this plan, in that a large quantity of valuable fer- 
tiliser is thus wasted. Methods have repeatedly been suggested and sub- 
jected to the test of experiment, for utilizing human excreta as fertilizers. 
These are of four kinds, and, unfortunately, are all open to objections mora 
or less serious. 

In Holland and Belgium a very primitive method is followed; the de- 



{'ectioDB are oolleoted in cisterns or barrels, whence they are removed to 
arger depots, at which the farmers purchase their supplies as necUitd — ub- 
iDg the material without any preparation beyond fermentation and dilu- 
tion with water. In Paris the excreta are not allowed to enter the sewers, 
but are collected in cisterns, whence tbey are pumped at night and carried 
to a suburb, which will be easily recognised by the traveller, bo he never so 
severely afflicted with catarrh. Here the liquid portions are separated 
»Dd sold for manure under the name of " eaux vannes," and the solid por- 
tions are subjected to a slow drying process, to yield a brown, odorless fer- 
tilizer called " poudrettc.'' These two methods of dealing with iiumati 
excreta from cities are open to the serious objection that the material is 
allowed to collect and exhale its noxious and disgusting effluvia in the 
midat of the papulation, an objection most serious among the poorer house- 
holders, who, to avoid the expense of frequent cleansing of the cisterns, 
fait to use the necessary quantity of water for flushing the closets. 

Of late years frequent attempts have been made to use the mixture of 
surfaoe-water and excreta collected from the sewers by discharging it di- 
rectly upon the land. Experiments upon a large scale have been made in 
the neighborhood of Milan, of Edinburgh, of Banbury, at Norwood, and 
kt the Lodge Farm, near London. This plan, which was not attended with 
the financial success expected by its promoters, is also open to serious ob- 
jections from a sanitary point of view. It is certainly as favorable to the 
propagation of disease, especially cholera, typhoid, and entozoic diseases, 
OS is the method of discharging the sewage into the rivers. 

A plan which is destined to yield the best results, when all idea of at- 
tempting to follow it with pecuniary profit as the principal object shall 
have been abandoned, is that of coilocting the sewage at some point in 
the neighborhood of the city, and there subjecting it to disinfection with 
a view to rendering its subsequent use as a fertilizer safe and inoffensive. 

It is an undeniable fact that organic matter in solution or in suspen- 
sion in rapidly moving water is decomposed and oxidised more or less 
quickly; urea is soon decomposed into carbonic anhydride end ammonia; al- 
buminoid substances are much more slowly oxidized, their nitrogen being 
oonrerted into nitrates, nitrites, and ammoniacal compounds. Although 
this decomposition takes place in the course of a few miles in a stream 
whose current is rapid, provided the admixture of sewage-matter be not 
in too great proportion, it is impossible to state at what a distance from 
the source of contamination the water of a river receiving sewage dur- 
ing an epidemic of typhoid or of cholera, would become incapable of com- 
municating the disease, if, indeed, there be any limit. 

Quite OS serious a source of contamination of river-water exists in the 
discharge into it of the waste products from factories, etc. These con- 
taminations are as various in their nature as the processes which givi 
to them; the question of their disposal is, although much more simple 
than that in which sewage is concerned, not likely to be quickly solved, 
owing to the magnitude of the financial interests involved, .Manufac- 
turers should be obliged to discharge their waste products, when these 
are of such a nature as neither to contaminate the air, nor yet to impede 
navigation, only into rivers whose waters are naturally unfit for drink- 
ing. When from any cause this course cannot bo followed, they should 
adopt some process (which will certainly be devised pro re tiata) of dis- 
posing of their refuse in such a way as to avoid pollution of the water. 

The tiature and amount of the substances held in solution in river- 
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into the earth, and has therefor had but little opportunity of becoming 
charged with earthy salts; it has, however, dissolved the more soluble 
chlorides from the surface. At later periods the water, penetrating more 
deeply below the surface, becomes more highly charged with calcareous 
salts. 

Fifth — Jjoke-water. — Fresh lakes, being, as a rule, simply expansions 
of rivers, or points where many of their tributaries unite, tneir water is 
very similar to that of the rivers flowing into or out of them, with th» 
exception that, as the lakes expose a large surface to the air, and as the 
water is kept in motion both by the current and by the action of the 
winds, the removal of organic matter by oxidation is more active than in 
rivers not, having a very rapid current. Lakes form natural reservoirs 
from which the water-supply of many cities is obtained. Those cities 
situated upon the borders of large lakes are assured of an abundant sup- 
ply of pure water, it being only required to raise it to a sufficient height 
for distribution. Municipalities less fortunately situated resort to the J 
construction of more or less elaborate works, for the collection and stor-l 
age of water from a system of lakes and rivers. fl 

Sixih — Weil-water may be very good or very bad. In some in- ■ 
stances the well ia simply a coUectiug reservoir dug over a natural spring. 
When this is the case, if it be in such a situation as to bo free from 
contamination, the water is essentially spring-water ($. v.). In moat 
cases, however, a well is simply a hole, deep or shallow, with walls well 
or badly constructed, into which the surface-water percolates from the 
thin stratum through which the well is dug. Such water is almost always 
highly charged with organic matter, insipid or sweetish in taste, and 
should be carefully avoided. 

But the character of well-water, whatever its source, depends largely 
upon its position. As a rule, wells are constructed near to human habita- 
tions, and are thus very liable to contamination with organic matter, either 
from the surface, or, more frequently, by the breaking of a house-draia J 
and the filtration of its contents, through a few feet of intervening soil,-! 
into the water of the well (see p. 52). I 

Of late years "driven wells" have been largely resorted to in thiB>-l 
country. They are formed by driving a pointed iron tube into the earth, T 
increasing the length of tube by sections and removing any earth which i 
may have found its way within the tube, until a supply of water ia ob- | 
tained, either by its spontaneous rise in the tube, or, more commonly, by ' 
pumping. The water so obtained is similar in character to that from < 
surface-wells, and, while it may be good where the location is in an open ' 
and unmanured location, it is to be looked upon with grave suspicion if ' 
the well be driven in any situation where the surface-water is liable 
to become contaminated with the excreta of men or animals. 
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Impurities in Potable Water. 



CharacUra of a good utater. — It should be oool, limpid, &nd odorless. 
It should h&ve an agreeable taste, neither flat, sElty, nor BWeetieb, and it 
should dissolve soap readily, witbout the formation of insoluble, flocculent 
material. Any water which does not possess these qualities is not tit for 
drinking ; but it is by nu means true that any water which does possess 
them is not to be looked upon with suspicion. To determine whether or 
no any giw' water is potable, a more careful examination into the nature 
and quantity of foreign substances present is necessary. These sub- 
stances may be either in solution or in suspension. 

first — Total nolids. — We have seen that all natural waters are more 
ur less charged with solid mineral matter, a certain proportion of which 
seems to be necessary to health. On the other band, if the amount of 
si.did matter dissolved be excessive, the water is both unpalatable and 
unhealthy. In the following table is given the number of grams per litre 
of total solids in various waters : 

Crotoii 0.0918 

Boston — (Jochituate 0.0548 

Ciiarleatown— Mystic 0.0972 

Copenhagen 1 . 700 

Atlantic— surface 3-1.700 

Dead Sea — surface "il .078 

Dead Sea— 300 metres.. . 278. 135 



Distilled water .0017 

l^ndon— Thames Co 0.2646 

l>)ndon— New River Co . . 0.2509 

JAindon— Kent Co 0.3780 

Whine, at Basle 0.1694 

Seine, at Bercy 0.2544 

Spree, at Berlin 0.114 

Glasgow— Loch Katrine .. 0.0328 

The amount of total solids in potablo waters varies from 0.05 to 0.4 
gram per litre, the amount being, as a rule, less in the waters supplied 
lo American cities than in those consumed by the urban popuistions of 
Kurope. The solids dissolved in water, their nature not beine taken into 
consideration, do not impair its usefulness aa a drink, unless they be 
present in a quantity greater than 0.4 to 0.5 gram per litre. 

The determination of the amount of total solids is easily conducted : 
25 CO. of the filtered * water are evaporated to dryness in a previously 
weighed platinum dish over a water-bath. After cooling in a drying-box, 
the dish, with the contained residue, is weighed ; the increase in weight, 
multiplied by 40, gives the amount of total solids per litre. 

Second — Ifardness, — Of the solid matters dissolved in potable waters, 
the greater part is usually made up of salts of calcium, accompanied, as a. 
rule, by small quantities of salts of magnesium. The calcium salt present 
is nsually the carbonate or the sulphate; sometimtis the chloride, phos* 
phate, or nitrate. Calcium carbonate is almost insoluble in pure water; 
hut in water charged with carbon dioxide a more soluble bicarbonatd 
is formed, which remains in solution until the carbon dioxide is ex- 
pelled by heat, whenever the carbonate ia present in quantity greater 
than 0.5 gram per litre. The sulphate is present, being sparingly soluble, 
in mxny excellent waters. In quantity it should not exceed 0.02 gram 
per litre. The presence of the phosphate is probably mora general than 
published analyses would lead one to suppose, as it is widely disseminated 
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in the mineral world, and the processes used for determining phospfaorio 
acid lack accuracy when applied to such small quantities as we have here 
to deal with. The chloride is rarely present, and only in small quantity. 
The nitrate is only found in waters contaminated with organio matter, at 
the expense of whose nitrogen the nitric acid is formed by oxidation. 

A water which contains an excess of calcium salts is said to be Tiard^ 
while one not so charged is said to be soft. If the hardness be due to the 
presence of the carbonate, it is temporaryy as, upon the application of 
neat, carbon dioxide is driven off, and the excess of carbonate, being no 
longer soluble, is precipitated. A permanently hard water owes its hard- 
ness to the presence of the sulphate, which remains in solutioiflafter heat- 
ing, being dissolved simply by virtue of its own solubility. 

It is a matter of common experience that a hard water is not as ser- 
viceable for domestic purposes as soft water. If we attempt to dissolve 
soap in a water charged with calcic and magnesic salts, the first portions 
arc decomposed with the formation of the insoluble calcium and magne- 
sium palmitate and oleate, which separate as fiocculent precipitates, and 
not until the earthy salts have thus been removed will the water be capa- 
ble of dissolving or forming a lather with soap. Vegetables, when boiled 
in hard water, do not soften as readily as when the water is soft; moreover, 
a hard water is difficult of digestion, and is liable to produce disorders of 
digestion, especially in those unaccustomed to its use. 

Magnesium salts, sulphate and carbonate, frequently accompany the cor- 
responding calcium compounds, although in much smaller quantity. Their 
influence upon the quality of the water is the same as that of the calcium 
salts, with the difference that if the quantity of magnesic salt exceeds 0.02 
gram per litre, the water is to some extent purgative. The opinion advanced 
by Grange and sustained by others, that the occurrence of eoitre and 
cretinism is due to an excess of magnesium salts in the water, is not well 
founded. Analysis has shown the presence of greater quantities of mag- 
nesium salts in the water of districts where these diseases are unknown 
than exists in the waters used in localities where they are very prevalent. 

Although an excess of calcareous salts in water renders it unfit for do- 
mestic use, within proper limits, 0.3 gram per litre, the carbonate and 
phosphate of calcium are not only not deleterious, but beneficial ooDStit- 
uents, as they supply a proportion of those salts required by the economy^ 
especially in the first years of life. 

It is rarely necessary to determine the amount of calcium and magne- 
sium salts present in water with accuracy. It is, however, frequently of 
importance to determine the degree of hardness, which may be measured 
with tolerable exactness by means of a process suggested by Dr. Clark in 
1847, and based upon the soap-destroying power of the earthy salts. The 
method, as given by Wanklyn and as usually applied, is very simple. 
Seventy cubic centimetres of the water to be tested are placed in a glass- 
stoppered bottle having a capacity of 250 c.c From a burette an aloo- 
holic solution of soap is added, and after each addition the bottle is shaken 
and laid upon its side for five minutes. If at the end of that time the 
lather remains, enough soap-solution has been added; if not, the addition 
must be continued until the lather persists for five minutes. If more than 
16 c.c. of soap-solution are used, 70 c.c. of distilled water must be added, 
as a lather is not readily formed if the proportion of alcohol become too 
great. Having added sufficient soap-solution, the degree of hardness is 
indicated by the number of cubic centimetres of soap-solution used minus 1. 
Thus, if 15 tx.^i9>ap^sdUiticQ Jiave been used, the degree of hardness is 14. 
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If from the degree of hardness wc subtract 1, we Iiavc approximately tlia 
number of grains of calcium carbonate, or of salts having an equal soap- 
deslroying power, in a gallon of the water. 

To preparu ibe soap-solution, air-dried while caslile soap is reduced to 
thin shavings, of which 10 grams are dissolved in a litre of weak alcohol, 
having a specific gravity of about 0.949. The solution must not be fil- 
tered; usually it is clear, but, if turbid, it should be shaken before using. 

Having made the soap-solution, it is necessary to determine its actual 
strength, us soap is a substance which cannot be accurately weighed. To 
this end a solution of calcium chloride of known strength is made by dis- 
solving 1.11 gram of pure, recently fused calcic chloride in aHlreof water; 
10 c.c. of tins solution, mixed with 60 o.c. of distilled water, should require, 
for the formation of a persistent lather, 11 c,c. of soap -solution. If more 
or less of the soap-solution be required, it must be concentrated or diluted 
in the proportion of tbe deficiency or excess to bring it to the proper 
Strength. 

By tiiis method the total hardness is determined. If it be desirable 
to know what portion of this is temporary or permanent, the total hard- 
ness is first determined. Another sample of the water is then boiled, and 
from this 70 c.c. are taken after filtration, in which the permanent hard- 
ness is determined as above ; the difference is temporary hardness. 

It sometimes occurs that a water, comparatively pure as to organic 
matters, exhibits a tendency to produce diarrhtea ; in this case it is well 
to determine the amount of nmgneeiun salts present, A litre of water is 
evaporated to dryness in a platinum dish; the residue is moistened with 
hydrochloric acid, a small quantity of water is added, and the solution fil- 
tered. To the united filtrate and washings ammonium hydrate and solu- 
tion of ammonium oxalate are added in excess; the liquid is then heated 
and filtered. To the filtrate more ammonia is added, and the mixture al- 
lowed to stand. If after twelve hours a precipitate have formed, the fluid 
is again filtered. To the clear liquid, which should not be more than 40 c.c 
in kulk, solution of pliosphate of sodium and ammonium hydrate are 
added in excess, and the mixture set aside for twenty-four hours. The 
precipitate is now collected on a filler, washed with ammoniacal water, 
dried, ignited, and weighed. The weight of the residue, multiplied by 
0.36031, equals the weight of magnesia in a litre of the water. 

A good drinking-water should not have a hardness of more than 15, 
«nd should not contain more than 0.015 gram per litre of magnesium. 

3^inl~CMorifle«.—The chlorides of the alkaline and earthy metals oc- 
mir in varying quantity in all natural water. The occurrence of these salts 
in quantities not sufficient to render their presence readily detectable by 
the taste is of no importance jLier se; but, in connection with the presence 
of organic matter, a determination of the amount of chlorine affords a 
valuable index to the probable source of the organic matter. The moBt 
dangerous of organic contaminations is that by admixture of anjmal ex- 
onta ; the presence of vegetable organic matter is, comparatively speak- 
ing, innocuous. Vegetable contamination brings with it a very email 
amount of chlorine, while urine, which, when the water is polluted witli 
Mwage, forms the bulk of the contaminathig admixture, contains large 
quantities of chlorides. If, therefor, a well-water be found to contain an 
excess of chlorides, it is to be looked upon with suspicion; and if at the 
same time there be an excess of nitrogenised material, there remains but 
small doubt that the well contains diluted urine. 8o true is this that at 
. timo, when results must be obtained rapidly, as during an epidemic, tho 
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best course for tlie analyst to pursac is to determiitc the amount 
ohlorinc in each source of supply, and to condemn those containing 
than .Qlb gram per litre (one ^rain per gallon) of chlorine. Whem 
it is possible, however, a determination of organic matter should be made, 
and the result considered in connection with the quantity of clilorine 
before deciding for or against a water. 

The determination of the amount of chlorine is easily effected 
means of a solution of silver nitrate containing 4.79 grams per li 
100 o.C. of the water to be tested are placed in a beaker ; a. few drops 
a solution of potassium chroniate, enough to communicate a distii 
yellow tinge, are added ; the reaollon is determined, and, if neoessarv, 
the mixture is rendered Jiiintli/ alkaline by the addition of a solution of 
sodium carbonate. The silver solution is now allowed to flow in, drop 
by drop, from a burette, the ftuid in the beaker being constantly stirred, 
until the white precipitate assumes a. faint reddish tinge. At this time 
the reading of the burette is taken; each cubic centimetre of silver solu- 
tion added represents 0.001 gram chlorine in 100 c.c. of water, or 0.01 
per litre. 

J'hurth — Organif Matter. — Although the presence in a. water of 
ganic substances, i. e., aubstances into whose composition carbon 
as an element, cannot be considered as condemnatory, there is no 
for doubting that the most serious of contaminations of potable 

e of organic matters containing nitro), 
re of these substances, and from the 
( of the existence in the water 
ice under suitable conditions of the 
oauses of the disease, be they gemis or poisons. Every potable wator 
contains small quantities of organic matter of vegetable origin, which are 
of no significance, provided the quantity be small and the water be taken 
from a river, lake, or other body of moving water. If, however, a well- 
water, or other still water, contain much vegetable organic matter (its 
vegetable nature being indicated by the absence or deficiency of chlorides), 
the source is to be condemned (or that reason alone. 

A much more serious organic contamination is with nitrogen 
matter of animal origin. Although our knowledge of the nature uf 
products of decomposition of these substances !s still quite crude, i 
oertain that among them are substances having a pronounced tendei 
to produce low forms of fever, and to render those subjected to their i| 
fluence ready victims to epidemic disorders. Whatever ill effects ml 
result from the use of waters polluted by the excreta of healthy indivia- 
uols, the evil becomes much more serious during the prevalence of certaitt 
diseases. There can remain tio doubt that cholera and typhoid arc trans- 
mitted largely, if not exclusively, by the use of water into which th« 
excreta of a sufferer from the disease have found their way. 

The investigations of Mr. .(. N. Radcliffe, on the cholera 
in 186G, have shown that the disease was sharply limited to those 
tions of the metropolis supplied with water from the Old Ford reservoixB' 
of the East London Water Company, the earliest unquestionabli 
breaks of the disease having appe-ared within half a mile of these 

subsequent report T)r. Buchanan traced the source of the 
epidemic of typhoid, which occurred at Guildford, directly to contamina- 
tion of water-supply. The town is supplied with a double system of higb 
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and low distribution, and witti very few exceptions iliu disease was 
limited to those using the Ligli service.* In tlie same yenr epidemics of 
typhoid oauurred aiso at Wintertoti and at Terling; in both instances 
(Ley were distinctly referable to cantamiaatioii of the water with sewage.f 
SimilBir conclusions have been arrived at in investigations of the causes of 
many other epidemics. 

Several processes have been devised for the determination of the 
amount of organic matter present in drinking-water; of these some are 
very readily applied, and are inaccurate in proportion to their facility. 
Probably the method best adapted to use by the practitioner in an im- 
ergency is that which lias the least claim to exactness of results. This 
consists in simply partially KUing a clean bottle with the water to be 
tested, and, after strong agitation, inhaling the air of the bottle through 
the nostrils. The presence or absence of an injurious amount of organic 
ince or absence of a disagreeable odor. 
The only advantage of this method is 
exceedingly rough, and should bo used 



matter is inferred froi 
however faint, of the inhaled 
the facility of its application; 
only when time presses. 
' luther method ' '" 
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here that it may be avoided, especially as it has received a quasi- 
official indorsement at the hands of the New York Hoard of Health. In 
the report of that body for 1873,1 directions are given for testing water 
by dropping into it a solution of potassium permanganate and by the 
disoharge of color determining not only the presence, hut also (.ho 
amount of organic matter in the water, Drs. Frankland, Wanklyn, and 
Fox have clearly shown that the process is vitiated by both plus and 
minus errors. Any substance capable of abstracting oxygen from the 
permanganate will effect its decolorization, whether the substance be or- 
ganic or not. On the other hand, in the conditions under which the test 
IS applied, organic substances of an albuminoid nature and urea are not 
readily oxidized by permanganate. By the use of this test, therefor, a 
water may be condemned which contains a very small amount of organic 
matter while a water highly charged with impurities of the worst type 
would be passed without suspicion. 

There are at present but two methods for the determination of organic 
matter in potable water which are worthy of serious consideration. 
These arc Frankland and Armstrong's process, and Wanklyn's praeesa. 
Franklarid and Armstrong's method § is one which can only be applied in 
a fully appointed laboratory, and which, even under the most favorable 
conditions, is open to the serious objection that, owing to the small quan- 
tities to be determined and to the nature of the process, the experimental 
error may represent a quantity greater than that of the substance to bo 
determined. 

The process which is now almost exclusively used by chemists la 
that first suggested by Wanklyn, Chapman, and Smith, in 18fi7,) and is 
baseil upon the following reactions: 1st, the Nessler test for ammonia; 
i. A, the production of a yellow color by ammonia in a saturated alka- 
line solution of merourio iodide in potassium iodide; and 2d, the decom- 
position of organic nitrogenous substances, with production of f 

I * Bepoit of Hsdicsl Officer of the Privy Conncil, 1S«7 (lOthl, p. :M. 
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wboii they are boiled with a highly alkaline solation of potassium per- 
manffanate. 

"b or the application of this test, the following solutions are required: 

a, AlkcUifie soiiUiofi of potassium permatigancUe, made by dissolT- 
ing 200 grams of potassium hydrate and 8 grams of potassium permanga- 
nate in a litre of water; the solution is boiled down to about 725 aa, 
cooled, and brought to its original bulk by the addition of the requisite 
quantity of boiled distilled water, 

b, Jvessler reagent — To prepare this, 35 grams of potassium iodide 
and 13 grams of mercuric chloride are dissolved in 800 c.c. of water, by 
the aid of heat and agitation. A cold saturated solution of merourio 
ohloride is then added, drop by drop, until the red precipitate which is 
formed is no longer redissolved on agitating the liquid; 160 grams of po- 
tassium hydrate are then dissolved in the liquid, to which, finally, a slight 
excess of mercuric chloride solution is added, and the bulk made up to 
one litre by the addition of water. The solution is then set aside until 
the red precipitate has subsided, when the clear, faintly yellowish liquid 
is decanted and preserved in well-stoppered bottles, which should not be 
too largo and should be completely filled. 

The glass stoppers of the bottles containing a and b should be well 
coated with paraflino, to prevent adhesion. 

c, ^Standard solutions of ammonia. — These are a stronger and a weaker. 
The first is made by dissolving 3.15 grams of ammonium chloride in a 
litre of water; the second, by mixing 1 volume of the first with 99 
volumes of distilled water. The weaker solution, which contains 0.00001 
gram {A^ milligram) of ammonia (NHJ in each cubic centimetre, is the 
one which is used in examinations of w^ater, the more concentrated solu- 
tion serving simply for the convenient preparation of the other. 

d, A saturated solution of sodium carbonate. 

e, Distilled water, — The middle third of the distillate; 100 c.c. of 
which in a cylinder should not be perceptibly colored in ten minutes by 
the addition of 2 c.c. of Nessler reagent. 

The testing of a water is conducted as follows: half a litre of the 
water to be tested (it is scarcely necessary to state that, before taking 
the sample, the demijohn or other vessel containing the water must be 
thoroughly shaken) is introduced, by a funnel, into a tubulated retort 
capable of holding one litre. If the water be acid, which is rarely the 
case, 10 c.c. of the solution of sodium carbonate d are added. Having 
connected the retort with a Liebig's condenser, the joint being made 
tight by a packing of moistened filter-paper, the water is made to boil as 
soon as possible by applying the fiame of a Bunsen burner, brought close 
to the bottom of the naked retort (there is but little danger of fracture 
if the fiame do not reach above the level of liquid inside). The first 
50 c.c. of distillate are collected in a cylindrical vessel of clear glass, 
about an inoh in diameter. The following 150 c.c. are collected and 
thrown away, after which the fire is withdrawn. While these are pass* 
ing over, the first 50 c.c. are Nesslerized {cide infra), and the result, plus 
one-third as much again, is the amount of free ammonia contained in the 
half-litre of water. 

When 200 c.c. have distilled over, all the free ammonia has been 
removed, and it now remains to decompose the organic material, and 
determine the amount of ammonia formed. To effect this, 50 c.c. of the 
permanganate solution </ are added through the funnel to the contents 
of the retort, which is shaken, stoppered, and ag^iin heated. The dia» 
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tiUate is now collected in separate portious of 50 c.c. eaab, tii glass uylin- 
dera, until three sucli portions have been collected. These are then 
sepkrstely Nesslerized as follows: 3 c.c of the Neaaler reagent are added 
to the sample of 50 c.c. of distillate; if ammonia be present, a yellow or 
brown color will be produced, dark in proportion to the quantity ol 
ammonia present. Into another cylinder a given quantity of the stand- 
ard solution of ammonia c is allowed to flow from a burette; enoug'h 
water is added to make the bulk up to 50 c.c, and then 2 c.c. of Nesster 
reagent. This cylinder, and that containing the 50 c.c. of Nesslerized 
distillate, are then placed side by side upon a sheet of white paper and 
llieir color examined. If the shade of color in the two cylinders be 
exactly the same, the 50 c.c. of distillate contain the same amount of 
ammonia as the quantity of standard solution of ammonia used. If the 
colors be different in intensity, another comparison-cylinder must bo 
arranged, using more or less of the standard solution, as the first com- 
parison-cylinder was lighter or darker than the dlstillatL-. When the 
proper similarity of shades has been attained, the number of cubic centi- 
metres of the standard solution used is determined by the reading on tho 
burette. This process, which, with a little practice, is neither diAicult nor 
tedious, is to be repeated with the first 50 c.c. of distillate and with the 
three portions of 50 c.c. each, distilled after the addition of the perman- 
ganate solution. If, for example, il required 1 c.c. of standard solutiun 
in N'esslerizing the first 50 c.c, and for the others 3.5 c.c, 1.5 c.c, and 
0.2 C.C., the following is the result and the usual method of recording it: 

Free ammoniii 01 milligr. 

Correction 003 miUigr. 

.013 milligr. 

Free ammonia per litre 02fi milligr. 

Albuminoid ammonia 035 milligr. 

Albuminoid ammonia 015 milligr. 

Albuminoid ammonia 003 milligr. 

.052 miUigr. 

Albuminoid ammonia, per litre 104 milligr. 

Concerning the deductions to be drawn from the determination of 
ttmmonia, Mr. Wanklyn* says: " If a water yield 0.00 parts of albuminoid 
ammonia per million, it may be passed as organically pure, despite of 
much free ammonia and chlorides; and if, indeed, the albuminoid ammo- 
nia amount to .02, or to leas than 0.05 part per million, f the water 
belongs to the class of very pure water. When the albuminoid ammo- 
nia amounts to .05, then the proportion of free ammonia becomes an 
element in the calculation; and I should be inclined to regard with some 
suspicion a. water yielding a considerable quantity of free ammonia along 
witn .05 part of albuminoid ammonia per million. Free ammonia, how- 
ever, bein^ absent or very small, a water should not be condemned unless 
.the albuminoid ammonia reaches something like 0.10 per million. Albu- 
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minoid ammonia above 0.10 per million begins to be a vovy sospieiovs 
sign, and over 0.15 ought to condemn a water absolutely. The Msenee 
of chlorine, or the absence of more than one grain of chlorine per gallon, 
)8 a sign that the organic impurity is of vegetable rather than animal 
origin ; but it would be a great mistake to allow water highly oontami- 
nated with vegetable matter to be taken for domestic use." 

Fifth — NUrcUes, — ^The existence and quantity of alkaline nitrates in 
water were formerly regarded as of much s^reater importance than that 
now accorded. They were considered as indicating, if not the actual sew- 
age present, at least the amount of previous contamination, for the rea- 
son that they are the principal ultimate products of the oxidation of 
nitrogen contained in organic substances. They exist, however, also in 
waters perfectly free from organic contamination as well as in rain-water, 
being taken up by the former in its passage through certain geological 
strata, and being formed in the latter probably by direct union of the 
nitrogen and oxygen of the air. 

Sixth — Poisonous nietals, — The metals most liable to occur in potable 
waters are iron, copper, and lead. 

a. Iron may be dissolved by water either during its passage through 
ferruginous strata in the earth, or by conduction through iron pipes. Ce^- 
tain ferruginous waters are valuable medicinal agents, and may contain 
as much as 607 milligrams of salts of iron to the litre. For ordinary uses, 
however, a water should not contain more than three milligrams per litre 
of iron. The amount of iron dissolved by water in passing through iron 
pipes is exceedingly small. The distribution of water in large cities, and 
frequently the main supply also, is through such channels. 

Mr. A. W. Blyth has also shown that water containing organic mat- 
ter is purified, to a large extent, of these contaminations by passage 
through iron pipes. 

p. Copper, — Drinking-water is not liable to become contaminated 
with the salts of this element except when it comes in contact with deposits 
of the metal, or of its ores in its passage through the earth. The experi- 
ments of Muir have shown that pure water would not dissolve copper, but 
that water containing carbon dioxide, especially when also containing cal- 
cium chloride and ammonium nitrate, would dissolve it in considerable 
quantity. 

y. iead, — The most serious, as well as the most common metallic 
contamination of water, is that with lead. Although a water contain a 
very small quantity of lead salts, there is no doubt that its continued use 
will produce well-marked cases of chronic lead-poisoning, and numerous 
instances are recorded in which the disorder has been traced directly to 
this cause, and has ceased with its removal. 

The power possessed by a water of dissolving lead varies materially 
with the nature of the substances which it holds in solution. The pres- 
ence of nitrates is favorable to the solution of lead, an influence which is, 
however, much diminished by the simultaneous presence of other salts. A 
water highly charged with oxygen dissolves lead readily, especially if the 
metallic surface be so exposea to the action of the water as to be alter- 
nately acted upon by it and by the air. On the other hand, waters 
containing carbonates or free carbonic acid may be left in contact with 
lead with comparative impunity, owing to the formation of a protective 
coating of the insoluble carbonate of lead on the surface of the metal? 
This does not apply, however, to water charged with a large excess of 
carbon dioxide under pressure. It will be observed from what precedes 
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tbal of all natural waters that moat liable to contamination witli lead is 
rain-water; it coriUiios animonium nitrate with very email quantities of 
other salts; and it is hij;hly aiirateU, but contains no carbotiates and com- 
paratively small quautitioB of carbon dioxide. Obviously, therefor, rain- 
water should neither be collected from a leaden roof, nor stored in leaden 
tanks, nor drank after having been long in contact with lead pipes. As a 
rule, the purer the water the more liable it is to dissolve lead when brought 
in oontact with that metal, espeoially if the eontaot occur when the water 
is at a high temperature, or when it lasts for a long period. 

It has been proposed, in order to avoid the solution of lead, to use 
pipes of lead coated internally with block tin. Unfortunately, however, 
It nas been found that wherever a fault occurred in the coating, the lead 
is dissolved much more rapidly than from pipes made entirely of lead. 
Moreover, tin is a substance which is by no means insoluble in water, 
ita solubility being materially luoreased when it is alloyed with even a 
very small proportion of lead. 

To determine the power of water for dissolving lead, take two tum- 
blers of the water to be tested ; in one place a piece of lead, whose 
surface has been scraped bright, and allow them to stand twenty-four 
hours. At the end of that time remove the lead and pass sulphuretted hy- 
drogen through the water in both tumblers ; if the one which contained 
the metal become perceptibly darker than the other, the water has a 
powef of dissolving lead such as to render its contact with surfaces of 
that metal dangerous if prolonged beyond a short time. 

The testing of water for poisonou.s metals is a very simple matter, and 
consists in adding to the water, in a porcelain capsule, some solution of 
ammonium sulphydrate. If the wutur become perceptibly darker after 
the addition of the reagent, it contains a poisonous metal, whose nature 
is then to be determined. Having determined whether the metal is iron, 
copper, or lead, a quantitative determination may be made by imitating 
the shado of color produced by ammonium sulphydrato in a given bulk of 
the water, with a standard solution of a salt of the corresponding metal 
and ammonium sulphydrate; the volume of the standard solution used 
containing the same amount of the metalasthe volume of water tested. The 
standard solutions are the following : for iron, 4.9G grams of ferrous sul- 
phate dissolved in I litre of water ; each cubic centimetre contains 0.001 
gnm iron. For copper, 3.93 grams of cupric sulphate dissolved in 1 litre 
of water ; each cubic centimetre contains 0.001 gram copper. For lead, 
1.6G gram of lead acetate in 1 litre of water; each cubic centimetre con- 
taiua 0.001 grsm lead. 

iSeveiith — Suspended aoHds. — Moat natural waters de})OBit, on standing, 
more or less solid insoluble material. These substances have been either 
suspended mechanically in the water, which deposits them when it re- 
mams at rest, or they have been in solution and are deposited by becom- 
ing insoluble as the water is deprived of carbon dioxide by exposure to 
air and by relief from pressure. 

The suspended particles should be collected by subsidence in a conical 
glass, and should be examined microscopically for low forms of animal 
and vegetable life. Tlie quantity of suspended solids is determined by 
passing a litre of the turbid water through a dried and weighed filter, 
which, with the collected deposit, is again dried and weighed. The dif- 
ference between the two weights is the weight of suspended matter iu a 
litre of the water, 

JhirifUxUion of lOcUer. — The artificial means of rendering a more or 
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\csa contaminated water £t for use are of five kinds : 1. Distilljttion; 
'.'. Sabsidence; 3. Filtration; 4. Precipitation; o. Boilins. 

The method by dialiUalion la used in the laboratory when a very para 1 
water is desired, and also at sea npon steamships, and even on Bailins I 
lessela upon occasion- Distilled water is, however, too pure for coutinaod J 
use, being hard of dilation, and flat to the taste from the absence a 
gases and of solid matter in solution. When circumstances oblige thv 1 
use of such water, it should bo agitated with air, and should be charged ] 
with inorganto matter to the extent of about 0.15 gram each of calcio * 
bicarbonate and sodium chloride (o the litre. 

PurificBtion by subgidence is adopted only as an adjunct to precipita- 
tion and filtration, and for the separation of the heavier particles of sus- 
pended matter. 

The ideal process at filtration consists in the separation of all particles 
of suspended matter, without any alteration of such substances as are 
held in solution. In the filtration of potable waters on a large scale, 
however, the more minute particles of suspended matters are only par- 
tially separated, while, on the other hand, an important change in the di^ J 
solved materials takes place, at least in certain kinds of liltera. In the oxi- I 
dation of organic matters, whether in solution or in suspension. In CbA J 
filtration of large quantities of water it is passed through sand or ob&r- I 
coal, or through both substances arranged in alternate layers. Filtration 
through charcoal is much more effective than that through sand, owing- 
to the much greater activity of the oxidation of nitrogenized organio 
matter in the former case. 

PrtcipUation processes are only adapted to bard waters, and are de- 
sisted to separate the excess of calcium salt, and at the same time s oon<M 
siderabie quantity of organic matter, which is mechanically carried downs 
with the precipitate. The method usually followed consists in the addi*^ 
tion of lime (in the form of lime-water), in just sufficient quantity tfrl 
neutralize the excess of carbon dioxide present in the water. The addediV 
lime, together with the calcium salt naturally present in the water, i 
then precipitated, except that small portion of calcium carbonate k 
the water, freed of carbon dioxide, is capable of dissolving. To detei 
mine when sufficient lime-water has been added, take a sample from tim»' 
to time during the addition, and test it with solution of silver nitrate 4 
until a brown precipitate is formed. At this point cease the addition of 1 
lime-water and mix the limed water with further portions of the hard J 
water, until a sample, treated with silver-nitrate solution, gives a yellowial 
in place of a brown color. The puriflcation of water by boiling can onl|t-'J 
be carried on upon a small scale ; it is, however, of great value for tfae-A 
softening of temporarily hard waters, and for the destruction of organized T 
impurities, for which latter purpose it should never be neglected during- I 
outbreaks of cholera and typhoid, if, indeed, water be drank at all at 



Mineral Waters. 

Under this head are classed waters charged to such ai 
solved substances, or having a temperature such as to re 
able for therapeutical uses. Asa rule, spring-water hi 
leas than 15°, but there are many springs whose waters a 
When their temperature is higher than 30° they are ki 
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springs, and are frequently of therapeutical value independently of the 
nature of their dissolved solids, which is exceedingly various. Among^ 
the most noted thermal springs are those of Wildbad, 36.5° ; Wambrunn, 
38'' ; Tdpiitz, 40° ; Buiton, aS" ; Clifton, 30" ; Chaudes-Ajgues, 81'' ; 
Ems, 46"^; Carlsbad, 73° ; Arkansas Hot Springs from 40.5° to 66° ; Vir- 

E'nia Hot Springs, 37.8° to 41°. The water of the great Geyser io Ico- 
nd has a temperature of over 100° in the centre. 

The composition of mineral waters varies greatly, according to the 
nature of the strata or veins through which the water passes, and to the 
conditions of pressure and previous composition under which it is in con- 
tact with these deposits. Waters of very dilferent composition in soma 
localities come to the surface in close proximity to each other, as at 
Saratoga Springs, where the t'ongress and Columbian springs, differing 
widely from each other in their chemical and therapeutical properties, 
are only a few rods apart. 

The substances almost universally present in mineral waters are: 
oxygen, nitrogen, carbon dioxide, sodium carbonate, bicarbonate, sul- 
phate and chloride, calcium carbonate and bicarbonate. Of substances 
oocaaionally present the most important are: sulphydrto acid, sulphides 
of sodium, iron and magnesium, bromides and iodides of sodium and 
magnesium, calcium and magnesium chlorides, carbonate, bicarbonate, 
sulphate, peroxide and crenate of iron, silicates of sodium, calcium, mag- 
nesium and iron, aluminium salts, salts of lithium, cfosium and rubidium, 
free sulphuric, silicic, arsenic and boric acids, and ammoniacal salts. 

Although a sharply defined classification of mineral waters is not pos- 
sible, one which is useful, if not accurate, may be made, based upon the 
predominance of some constituent or constituents which impart to the 
water a well-defined therapeutic value. A classification whiob has been 
generally adopted is into five classes: 

First — Acididous waters, those whose value depends upon the pres- 
ence of carbon dioxide. 

Second — Alkaline waters, thos< 
oarbonates, or bicarbonates of sodii 

77iird — Chalybeate inaters, thos 

fhitrth — Salitie waters, those containitig neutral salts in considersbla 
quantity. 

f^flh — Sulphurous waters, thos 
metallio sulphide in solution. 

Besides those waters which may be classed under one of the above 
heads, there are others whioh, containing some active substance nut 
usually present in natural waters, such as alum, free sulphuric acid, or 
arsenical compounds, may for the present be placed in a sixth class. 

Acidulous tiidtfrs. — These waters, of which the artificially prepared 
carbonic irateTy or soda-water, may be considered the type, contain but 
small quantities of solid matters in solution, the most abundant being' 
the bicarbonates of sodium and of calcium, and sodium chloride. They 
are always cool, fresh, and sparkling, owing to the presence in them of 
oarbon dioxide in considerable quantity, and to the absence of hydrogen 
or other sulphides. 

Alkaline Katers. — The temperature of waters of this olass is usually 
above 20°, although some are cooler. They are alkaline in reaction, 
some sufficiently so to have a soapy taste, others only after expulsion of 
the free carbon dioxide, which they contain in very variable proportion. 
Their pnnoipal solid constituents are the bicarbonates of sodium, calcium. 
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magnesium, and sometimes litliium. Their tenure in sodium chloride is 
usually less than that of the aciduloua waters. 

Chalybeate waters. — Jron, being widely distributed in nature, is con- 
tained iu most natural waters, fresh or mineral. When the quaDtity of 
iron aalts exceeds forty milligrams per litre, the water may be considered 
as having medicinal value. Chalybeate waters are usually cool, some- 
times warm, have a ferruginous taste, and are clear as they emerge from 
the earth. Those containing iron in the form of its bicarbonate become 
turbid and deposit a brownish yellow sediment on exposure to air, the 
bicarbonate being decomposed aud carbon dioxide given off. Besides 
ferrous bicarbonate, many of the waters of this class contain CerrouB sul- 
phate, crenate and spocrcnate, calcium carbonate, sulphates of potassium, 
sodium, calcium, magnesium, and aluminium, notable quantities of sodium 
chloride, and sometimes arsenical compounds. 

Saline toattrs. — The solid constituents of waters of this class are so 
diverse in kind that the group may well be divided in subgroups. 

a. Chlorine teater» are such as contain large quantities of sodium 
chloride, associated with less amounts of the chlorides of potassium, cal- 
cium, and magnesium. Some of these are so rich iu sodium chloride thai 
they are not of service as therapeutic agents, but are evaporated either 
by solar or artilicial heat, to yield a more or less pure salt. Any natural 
water containing more than 3 grains per litre of sodium chloride belongs 
to this class, provided it do not contain substances more active in their 
medicinal action in such proportion as to warrant its classification else- 
where. Waters containing more than 15 grams per litre are too concen- 
trated for internal administration. They are usually cool, and have a salt, 
but not a bitter taste. Some of them are highly charged wilh carbon 
dioxide, and in some instances the pressure under which they are dis- 
charged from the earth is sufficient to project them to a height of over 
thirty feet. They contain also traces of iodides and bromides, and bioar- 
bonates of sodium and caicium. 

^. Sidphatc waters are actively purgative from the presence of consid- 
erable proportions of the sulphates of sodium, calcium, and magnesium. 
Some contain large quantities of sodium sulphate, with mere traces of the 
calcium and magnesium salts, while in others the proportion of the sul- 
phates of magnesium and calcium is as high as 30 grams per litre, to 20 
grams per litre of sodium sulphate. They vary much in concentration;- 
from 5 grams of total solids to the litre in some, to near 60 grams per litre 
in others. They have a salty, bitter taste, and vary much in temperature. 

y. Jiroinine and iodine waterM are such as contain the bromides ot 
Iodides of potassium, sodium, or magnesium in sufficient quantity to com- 
municate to them the medicinal properties of those salts. An exagge- 
rated typo of this class is to be found in ihe water of the Dead Sea, 
which contains a large proportion of magnesium bromide. The mineral 
waters of Pomeroy, O., are worked as a source of bromine. 

Sidphurous waters. — The waters of this class are distinguished by 
the presence of hydrogen sulphide or of the sulphides of the alkaline 
metals — usually of both. Their temperature varies much in difTerent 
waters, but is usually high. They have the disagreeable odor of hydrogen 
sulphide, and form a black mixture with a solution of a lead salt. I'he 
fixed salts which they hold in solution are principally sodium chloride, 
sulphate, and bicarbonate, and calcium bicarbonate. The proportion 
of total solids varies In different waters of this class from 0.3 to 4 grams 
per litre. 
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Temperataze 

Density 

Total solidB 

OarboQ dioxide. . . . 
Bodiom bioarbonate 
Potaasiam '' 
Lithium '' 
Calcium ** 
Btrontinm '* 
Barium 
Kagnesinm *^ 
Ferrous '* 
Manganous ** 
Sodium ohioride. . . 
Potaoium '* 
Lithium '' ... 
Oaloium ** 
Magnesium chloride 
Sodium sulphate . . 
Potaarium *' 
Magnesium ** 
Oaloium ** 
Sodium phosphate. 
Potassium ** 
Calcium " 

Aluminium ** 

Sodium iodide 

PotaRsium *' 

Sodium bromide. . . 
Potassium ** 

Alumina ) 

SUex f 

Qrganio matter. . . . 
Ferrous sulphate . . 
Ferrous crenate. . . . 



17.5" 
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• • • > I 
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30 

I 

• • • • ■ 
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1 
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2091' 
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.... 

20! 
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40 
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» • • • 

I • • • 

71 



23 

148 
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« . • • 

50 
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• • • • 



O 



. . » . 

• • • • 

• • • • 



« « • . 

{. • • • 
63 



3. 4. 6. 6. ' 7. ' 8. 



9. 



la 



§ 



"5 

& 
1 

'« 



I 

< 



if 
8 

s 



o 

9 



si 



13' '13.5^ 18.5''; 10.5* 41.8* 180. 8» 



2193 2457 
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166; 84 1257* 
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• • • • 

35 

• • • • 

• • • • 
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53 
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3 
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3 



59 

• • 

167 442* 



5 

2 

1690 

87 



10 



23 
1 
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•1.0031 
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2458 
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300 972 



8 



I 
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4 
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3 
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4 
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5 

• . • • 
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4 
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5 

! 

• ■ • • I 
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4: 
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12.6 

11 
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.... 
88 
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91 
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i 
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X 

8 
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s 
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* Calculated as carbonates instead of bicarbonates. 

(1.) Sodium and calcium crenates. traces. (2.) Sodium borate, 65. (8.) Silicates of 
calcium and of lauminium, 245. (4.) Oxide of iron. 20. (6.) Alumina, strontia, lithia. 
organic matter— traces. (7, 8, and 9.) Sodium arsenate, 2; sodium borate, traces. (10.) 
Caldum fluoride, 9.2; sodium silicate, 57 ; lithium silicate, traces; baregine, traces. 
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COMPOSITION OF MINERAL WATEB&— Continued. 
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a 

I 



12. I la i 14. 
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I 

Mb ! M 



Temperature. ;85!3° 46.8''; 

Density l.oa^l 1.0031 

TotalaolidH. ^'54:^ 3518, 

Carbon dioxide j 002 884 

Bodiam bicarbonate 2032 1079' 
Potassium 






Lithium 
-Calcium 
Strontium 
Barium 
Magnesium 
Ferrous 
Manganons 
Sodium chloride. 
Potassium ^* 
Litiiinm *^ 
•Calcium "*' 
Magnesium *' 
Sodium sulphate. 
Potassium * ^ 
Magnesium ** 
Calcium *^ 
Sodium phosphate. 
Potassium " 
Calcium ^* 
Aluminium ^' 
■Sodium iodide. . 
Potassium '* . . 
Sodium bromide 
Potassium '* 

Alumina 

Silex 

Organic matter. 
Ferrous sulphate 
Ferrous crenate. 



traces, tracea 
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0.28 

• • • • 
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2.6 
0.8 
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0.48. 
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32 
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25 
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* Calculated as carbonates instead of bicarbonatea 

(13.) Aluminium sulphate, 129; phosphoric acid and iodine, traoes. (16.) Babidiam 
chloride, trace. (20.) Ammonium chloride, traoe; peroxide of iron, 15. 
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«mnionk, 0.9. .34.1 Caluium fluorid 




bomte. tTMOft (3a.) Oaloiam fluorid 


Knd aodium borate, traoea. (2f<. j Calcinm fliiotit 


1 and sodinra borate, trncrs. (87.1 Cal- 


1 dnm flnorida and BOdiom borate, tn 


ices. (28.) P 


otoasium sllioale. 130; sodium sili.at*. 




Calcium llii 


ri.lo nud lithitt. tmoBB. 

1 

1 
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COMPOSITION OF MINERAL WATERS— «)»i«»nti«<i 



31. 32. 33. 34. 36. I 36. i 37. I 88. 



C 



u 
m 



a 

I 



II 
II 



£ 



-a 

■c 



u 



i 
S 



s 



.J 






Temperature 

Density 

Total solids. 

Carbon dioxide. . . . 
Sodiam bicarbonate 
Potassium 
Lithium 
Calcium . 
Strontium 
Barium 
Magnesium 
Ferrous 
Manganous 
Sodium chloride 
Potassium ' * 
Lithium ** 
Calcium *' 
Mamiesium '* 
Sodium sulphate 
Potassium '^ 
Magnesium ^* 
Calcium ^' 
Sodium phosphate. 
Potassium ** 
Calcium * * 
Aluminium *^ 
Sodium iodide.. 
Potassium '' 
Sodium bromide 
Potassium " 

Alumina 

Silex 

Organic matter. 
Ferrous sulphate 
Ferrous crenate. 






|.> 13 

0047 1.007 
o4o0 «G53 

■ '-' - « • • • 

12<52 1154 

■ ••■ •••• 

.... ().*J, 

JUKI :j.6 

1 7 

••■• •••• 

403 

, . . . 45.3 

5 

1638 I4.V4 



1. 05241. OaSi;i. 0118. 

32440 25204 57681 44879 14940 



807 402 



100 

t • • • 

p • • • 

8:14 



1( 

• • • I 

• • • I 

520 

• • • • 

him 



• • • • 



434* 1106* 

• • • • J • • 

• • • • • • 

700* . . 



• • • 

53* 

• • • 

2314 



505 



25S7 4750 
.... 05 



• • • • 



2200 3030 

16120 0056, 20828 17927 

198 67 158 

5150 25037 224221 



1408 
12 

1676 11612 

2331 

28 

57 

1011 



025 

12121 
33S 



346 6676 1512 



13.2 



ft oo 
0.32 



2.4 

7.1 



• • 



.... traces. 



• • • 



75 



jjjgi traces. 

\ \ traces. 

traces. 



1 
3 



27 

151 



4 

14 

I 

10, 
28, 




I 



40. 



8 






4710, 
506*! 



51 

• « • 

• • • 

25 

• • • 

8928 



48 



4 
12| 

. . itraces. itraoes. 

I 



98 
32 

» • • 

18 



4943 

• • • • 
2844* 

• • ■ • 

18* 
844* 



• • • • 

57* 
89* 

• • « • . 
458 
110 



57.5* 

• • « • 
7471 



459 



28 
60 



880 

951 



9 

1 



^ 



> 
g 



to 

3 ! 



& 
■g 



Si 

5 



12 
SI 



.... 


• • • • 


1 


«; 


1 2 





1 1 


1 ; 


1 


K i 

1 



96 



5771 



381 
i29 
879 



64 
180 



a 
« 

i; 



* Calculated as carbonates instead of bicarbonates. 

(3t.) Calcium fluoride, 8.2; ferric oxide, 8.6; manganese oxide, 0.8; magnesia, 179; 
strontia, 0.96. (32.) Calcium fluoride, traces. (38.) Lithium sulphate, 0.4 : strontiiim 
sulphate, 2.8; barium sulphate, 0.1. (84.) Magnesium bromide, 11. (88.) Peroxide of 
iron, 8. 
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COMPOSITION OF MINERAL WATERS— Continued. 



41. 



I 



42. 



43. 



1 



....I 10.4' 

il.OOO? 

849 003 



2471 



603' 



74* 

138* 

traoM. 

6 



• • • • 

• • • • 

• • • • 



21 



1920 
20.6 

• • > • 

• * • • 
221 



212 

84* 
18.4, 

7 



7.8, 
8.7 



traoet 



• • • • 



traces. 
4 



82 



• ... - traoM. 



• • • • • • • 



44. 



I 



270 
445 



5446 



76 



12 



8 
6 



40 



88 



98 



858 



45. 



\8 



597 
2844 



407 



1.0078 
6981 
2816 
264 



• • • • 
1166* 



801 
96* 

• • • • 

4376 



46. 



47. 4. 



I 



14989 






I 



traces. 
607 



il 



85 



85 



1076 

• • • 

• • • 

• • • 
146 

11404 



1523 
701 



25 

21 



45 



2944 






855 



46* 
70* 



101 

806 

6 

885 

1081 



71 



I 



4156 



159' 



66* 
2262 



735 

484 



• • • 

• • • 

• • • 

• • • 



20 

40 

428 



49. 



§ 

I 



1215 



• • • 

• • • 



15 

12 

216 

86 



• • • 

• • • 

• • • 

• • • 

• • • 

• • • 
29 

5 
11 



60. 



§ 



•c 
cc 
it 

44 



t( 



Ik 



Temperature. 

Denait J. 

801 Total aoUda. 
88 Carbon dioxide. 

Sodium bioarbmate 

Potassium '^ 

Lithium 

Calcium 

Strontium 

Barium 
. . . Magnesium ^* 

Ferrous 

Manganous 
7 Sodium chloride. 
...'Potassium ** 
...'Lithium " 
. , . Calcium " 
...(Magnesium " 
. . . , Sodium sulphate. 
...jPotassium *• 
19 Magnesium '* 
25 Calcium '* 
. . .! Sodium phosphate. 

•Potassium " 
\ . . Calcium " 
. . . Aluminium " 
...Sodium iodide. 
...'Potassium '• 
...iSodium bromide. 

, Potassium ** 
262 Alumina. 
. . . Silex. 

. . . Organic natter. 
. . . < Ferrous sulphate. 
. . . Ferrous orenate. 



^ 
^ 



* Oalcolated as oarbonates instead of bioarbooates. 

(48.) Crenates of sodium and potassium, 2. (44.) Alum, 407. (49.) Bulphatea of 
copper, sine, cobalt, and nickel, 4.11; ferric sulphate, 880; aluminium sulphate, 414 ; 
mangmneee sulphate, 8.29; lithium salphate, 4.14; salphnrio aoid (free), 68.85; magne- 
■ium and amnumium iiitmtes» 8.82. 
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COMPOSITION OF MINERAL WATERS— ContiniKd. 





61. 


it. \ 63. 


6*. 


66. 


66. 


67. 


68. 


59. 


60. 




1 
1 


8 
1 


1 


1! 


f 

4 
3 


i 


1 


i 




r 


TemperaMra 

Denaitr 

Total Bolida. 

Carbon dioxide. . . . 
Bodinm bioarbooate 

Lithium " 
Cnldnm 
Strontium " 
Barium 
Mapie«nin •' 
Fertooa 
llaaganoaa •' 
Sodium chloride... 
PotaMinm " 
Uthinm " 
Calomm " 
Mmfueaium " 
Sodium aulphato... 
Potaaaium " 

Calduiu •' 

Potawuiim ■' 
Coloium •' 

Sodiuni iodide 

Potaaaium " 
Sodium brotnldo... 

.Alamino. 

8ilBi 


68* 

traMs! 

■'88 
tiBoea. 

tr^! 

'■« 

tMwea 


'367 

ios* 
e.8' 

tra'<iek! 
trac^! 

"is 
"is 

tneea. 
"j« 


45.4° 

8780 

407* 

0.80- 
132* 

km 

'887 
107 


4102 
CM* 

o.'ao* 

158* 
traces, 

'hi' 

10* 
3630 

'288 
1S4 

i 


46' 

'430 
2G 

'ifi* 

'"s 
.... 

17 
06 

10 

tracea. 
Uuoea. 


1.0317 
S404 

"88 
"'8 

ises 

B 

'sis 

CO 

ioii 

IS 


'872 

lis* 

i66* 
o.w 

0.27* 

"m 


"88 

'i)'.s 
6!ii 

14 
13 


1. 


aooa 

J578 

io 

88 
100 


1.0025 

2314 
«2 

121- 

"ii 
om 

1848 

"S7 
7fi 


48* 

'405 
H 

'w' 
'w* 

"ti 
"io 

"i 


OrgBiiio matter. . , . 


60 

1173 






i 


i 


a 


i 


i 


1 


1 


II 


1 

•J 


1 



* OaletUated aa oatbonatea Initead of bioarbonates. 

(SI.) Bodinm aulphlde. TH; ferrous and magneaiam anlpliideB, tracea ; ealdnni atUoatv, 

S3. (G2,) Sodium Bulphida, 41 ; oxideaof iiooand alnioiiunm, 10. (03.) Sodinm aolpbide, 
10.5. (55.) Hydrogen aulptiide, 20.8 o.c. ; olnmininm anlphate, S4.8. (SH.) Uagnealuiii 
bromide, 12 ; sodinm b;pasa1phlte, 72 ; sodinm aulphide, 24 ; silica ond orf^uiio matter, 
162i hydrogen antphide, 22.QT c.c. (57.] Copper oarbonate, lead and bariam aulphatea, 
asd BTBenio. traoes; ammoninm chloride. 0.3; atrtmtinm anlphate, 29; aodlum hjpotnl- 
phite, O..'! : ammon^nm nitrate, 04 ; carbon dioxide, G3.7 ca. ; hydrogen nilphide. 10.6 
0.0, (-'■8.) Zinc Fnlpbate, 33^; ferrio anlphate, 2880; alnmininm sulphate, 1882; anlphn- 
rio acid (tree), (17.110; phosphorio acid and ammonia, tracea. (50) Hydrogen aolpbida, 
W.O o.o. (GO.) Hydrogen anlphide, 1.7 Co. ; a peonliai anlphni oomponnd, 144. 
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Phyal<dogIoal.— Water is taken into tho economv both in Its own 
form au<l as a constituent of every article of food, tinder usual con- 
ditions, the amount taken hy a healthy adult in twenty-four hours is 
2.25 to 2. 75 litres, of which 1.75 to 2 litres arc taken in the liquid form, 
the remainder forming a part of the solid food. 

The amount of water required by the system is greater when the 
amount eliminated by the skin and kidneys U increased, as during ex- 
{Ktsure to high temperature and in diabetes. When thu food is dry the 
amount of water drank is increased. 

It constitutes about sixty per cent, of the weight of the body; in all 
of whose tissues and fluids it exists — most abundantly in the perspiration 
and saliva (99.5^), and least abundantly in the eoaraet of the teeth (0.2^). 
The proportion of water to solids in the body is greater in the earlier 
years of life: 

A fetal mouse contained 880 grams water in 1,000 grams, 

A newly born mouse contained 872 grams water in l.OOt) grams. 

A mouse eight days old contained 768 grams water in 1,000 grams. 

A mouse full-grown contained 713 grams water in 1,000 grams. 

Tho consistency of the various parts does nut depend entirety upon 
the relative proportion of solids and water, but is inlluenced by the nature 
of the solids. The blood, aUhou}j;h liquid in the ordinary sense of the 
term, contains a less proportional amount of water than does tho tissue 
of the kidneys, and about the same proportion as the tissue of the heart. 
Although the bile and mucus are not as fluid as the blood, they contain 
a Urger proportion of water to solids than does that liquid. 

Water is disehar^ed by the kidneys, intestine, skin, and pulmonary 
surfaces. The quantity discharged is greater than that ingested; the 
excess being formed in the body by the oxidation of the hydrogen of its 
0[^aiiio constituents. 

Hydrogen Dioxide. 

Peroxide of JTijdrogcn — Oxygenated WaUr — H,0, 

Discovered by Th^nard in ISIS. It may bo obtained in tho pure etata 
by accurately following a tedious process devised by Th^nard. In a hi;^h]y 



diluted form it i: 



id by suspending pure hydrato of bar 

I rapid current of carbon dioxide is then passed- 



1 water, through which 

B80,H,+C0,=C0,Ba-|-H,0„ 

the insoluble barium carbonate being separated by filtration. 

Hydrogen dioxide is also formed in smuU quantities in the slow oxida- 
tion of metals, such as lead, ^inc, cadmium, nickel, cobalt, and aluminium 
in damp air, as well as by the slow oxidation of phosphorus, and of 
many organic substances, essences, alcohol, ether, etc., and in the com- 
bustion of coal-gas. 

The pure substance is a colorless, syrupy liquid, which, when poured 
into water, sinks under it before mixing. It has a disagreeable, metallic 
taste, somewhat resembling that of tartar emetic. When taken into the 
month it produces a tingling sensation, increases the flow of saliva, and 
bleaches the tissues with which it comes in contact. It has a specifio 
gravity of 1.4S5, and is still liquid at — 30°. It is very unstable, and, 
even in darkaeas and at ordinary temperatures, is gradually decomposed. 
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At 20^ the decomposition takes place more quickly, and at 100^ rapidly 
and with effervescence. The dilute substance, however, is comparatively 
stable, and may be boiled and even distilled without suffering decom- 
position. 

This substance is subject to singular decompositions, acting both as 
a reducing and as an oxidizing agent. 

It is rapidly decomposed, with evolution of oxygen, by contact with 
gold or platinum in a state of minute subdivision, powdered charcoal, 
manganese dioxide, or fibrin — the decomposing agent remaining unaltered. 

Many elements and compounds, e, g,y arsenic, sulphides, sulphur 
dioxide, are oxidized when brought in contact with hydrogen peroxide, at 
the expense of half its oxygen. 

If hydrogen peroxide be brought in contact with silver oxide, both are 
violently decomposed, with evolution of oxygen and liberation of heat 
and sometimes of light. Water and metallic silver remain. 

The pure peroxide, when decomposed, yields 475 times its volume of 
oxygen ; the dilute substance 15 to 20 times its volume. 

The presence of peroxide of hydrogen in very minute quantities may 
be detected by the following tests: 

JFlrst — ^To a solution of starch a few drops of potassium iodide solu- 
tion are added, then a small quantity of the fluid to be tested, and 
finally a drop of a solution of ferrous sulphate; if hydrogen peroxide be 
present, a blue color is observed. This reaction may be obtained with a 
solution containing only 0.05 milligram per litre (Schoenbein). 

Second. — A mixture of tincture of guaiaoum and extract of malt 
strikes a blue color in the presence of oxygenated water. Slightly less 
delicate than the last (Schoenbein). 

Other reactions have been proposed by Schoenbein, Barreswill, Strdve, 
and Weltzien, which are, however, not characteristic. A oolorimetrical 
method for determining the quantity of hydrogen peroxide has been pro- 
posed by Schone. 

Dilute oxygenated water is used for renovating old pictures the 
whites of which have become dingy by the formation of lead sulphide, 
which in the renovation is oxidized to the white sulphate. 

The various bleaching agents used to convert brunettes into blondes 
are dilute solutions of oxygenated water. 
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GLASS n. 

ALL OF WH08B HtDBATES ASB AcIDS, AND WHICH DO NOT 

FOBM Salts with thb Oxacids. 



L CHLORINE GROUP. 

Fluobinb F 19 

Chlorinb CI 36.5 

Bbomikb Br 80 

lODINB I 127 

The elements of this g^oup are univalent. With hydrogen thej form 
acid compounds, composed of one volume of the element in the caseous 
state with one volume of hydrogen. Their hydrates are monobasic acids 
when they exist (fluorine forms no hydrate). The first two are gases, 
the third liquid, the fourth solid at ordinary temperatures. Their atomic 
weights increase from the lowest to the highest by nearly 16 or 16 x 3. 
The relations of their compounds to each other are shown in the follow- 
ing table: 



HydroAa- 
orleadiL 

HCl, 
Hydrochlor- 
ic Mrid. 

HBr, 

Bydrolno- 

mioaold. 

HI. 

Hydriodio 

•dd. 



o^o, 

Chlorine 
moooside. 



Chlorine 
triojdde. 



CUO., 
Chloriiie 
tetnndde. 



Iodine 
tetnudde. 



ClOH, 

Hypochlnc^ 

oat add. 

BrOH. 

Hypobroin- 

ooiaoid. 

lOH, 

HypoiodoM 

add. 



C10aH» 

Chlorous 

•dd. 



I0,H, 

lodoiu 

•dd. 



OlOtH, 

Chlorlo 

add. 

BrO«H, 

Bromic 

add. 

■dd. 



CIO4H, 

Perchlorto 

add. 

Br04U, 

Ferbromio 

add. 

Periodic 
add. 



FLUORINB. 

ForFL 19 

Although many attempts have been made to isolate this element, it 
has probably never been obtained in the free state, unless the colorless 
ffas obtained by G. J. and Th. Knox, by the decomposition of mercury 
fluoride and of hydrofluoric acid in vessels of fluor-spar was the element. 
The difficulty in the way of its separation lies in the readiness with which 
it attacks tne metals, as well as glass, porcelain, caoutchouc, etc. The 
source from which the compounds of fluorine are obtained is the natural 
calcium fluoride, or fluor-spar. 

Hsrdrogen Fluoride. 
Hydrofltuyric Add. 



HFl 



20 



First used for etching on glass, by Schwankhard, in 1670. Scheele, in 
1771, discovered the true nature of fluor-spar, and gave this acid the name 
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of fluoric acid. Hydrofluoric acid is obtained by the action of an excess 
of sulphuric acid upon fluor-spar, with the aid of gentle heat: 

CaFl,+SO,H,=SO,Ca4-2HFL 

If a solution be desired, the operation is conducted in a platinum or 
lead retort, whose beak is connected with a Y-shaped receiver of the 
same metal, which is cooled and contains a small quantity of water. 

The aqueous acid is a colorless liquid, highly acid and corrosive, and 
having a penetrating odor. In using it great care must be exercised that 
neither the solution nor the gas come in contact with the skin, as they 
produce painful ulcers which heal with difficulty, and also oonstitutionai 
symptoms which may last for days. When toe acid has accidentally 
come in contact with the skin the part should be washed with dilute solu- 
tion of potash, and the vesicle which forms should be opened. 

Its boiling-point is between 15^ and 30°. It is still liquid at — 40^, 
and has a specific gravity of 1.06. 

The most interestinar chemical property of hydrofluoric acid is its ac- 
tion upon glass, from which it removes silica, a reaction which is utilized 
in the process of etching. For this purpose either the vapor or the solu- 
tion may be used. In either case the glass surface is coated with a var- 
nish composed of four parts of yellow wax and one part of turpentine, 
which is then removed from those parts upon which it is desired to act. 
When the solution is used a wall of wax is built up, and into the reservoir 
thus formed the liquid is poured; by this method a transparent design is 
produced. It is more usual to act upon the glass with the vapor, as by 
this means an opaque and consequently more apparent design is obtained. 
Some powdered fluor-spar is placed in a shallow leaden dish and moistened 
with sulphuric acid; the prepared glass plate is then placed, with the 
waxed surface downward, upon the dish, which is warmed to a tempera- 
ture not sufficiently elevated to melt the wax. 

The presence of fluorine in a compound is detected by reducing the 
substance to powder, moistening it with sulphuric acid in a platinum cru- 
cible, over which is placed a slip of glass prepared as above; at the end of 
half an hour the wax is removed from the glass, which will be found to 
be etched if the substance examined contained a fluoride. 

Fluorine forms no oxygenated compounds. 

CHLORINE. 
CI 36.5 

Although probably first obtained by Glauber, the discovery of this 
element is usually attributed to Scheele, who discovered it in 1774. 

Its true nature was first recognized by Sir Humphrey Davy in 1810. 
He gave it the name it bears, derived from -^^itapo^ — yellowish green — ^in 
reference to its color. 

Preparation, — Mrst, — By the process followed by Scheele, the action 
of manganese dioxide on hydrochloric acid, aided by heat: 

MnO, -f 4HC1 = MnCl, + 2H,0 + CI,. 

The reaction is, however, not as simple as here indicated. Manganic 
chloride, MnCl^, is first formed and then decomposed into free chlorine and 
nianganous chloride, MnCl,. Only half the chlorine contained in the acid 
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U liberated, and each kilo of niBUgaiiesa dioxide yields 257>5 litres of 
chlorine. 

Second. — By tlio action of manganese dioxide upon hydrochloric acid 
in the presence of sulphuric acid: 

MnO,+2HCl+SO.H,=SO.Mn+2H,0+Cl,. 

The same quantity of chlorine is obtained as mjirat, with the use of 
one-half the quantity of hydrocblorio acid. 

Third. — By double decomposition of sodium chloride and sulphuric 
aoid, in the presence of manganese dioxide. A mixture of one part each 
of the two solids, hnoly powdered, is heated with three parts of sulphurio 
aoid. In this process hydrochloric acid is first formed, according to the 
equation — 

SO.H. + 2NaCl =SO,Na, + 2Ha 

The acid, as soon as found, is decomposed by cither of the reactions 
indicated \nJirU and second, according as sulphuric acid is or is not pres- 
ent in excess. 

Fourtli. — By the action of potassium dichroniate upon hydrochloric 

Cr,0,K,+14HCl=2KCl + Cr,Cl,+7n,0+3Cl,. 

In this process, which is convenient, although not economical, 2 parts 
of powdered diohromate are heated with 11 parts of acid of sp. gr. I.IG; 
the generating flask being immersed in the water-bath. lUO grams of 
dichromate vield 22) htres of chlorine. 

FH'lh. — When a slow evolution of chlorine, extending over a con- 
sideraole period of time, is desired, as for purposes of disinfection, moist- 
ened chloride of lime (see p. 412} is exposed to the air. The calcium 
hypochlorite is decomposed by the atmospheric carbon dioxide, with 
liberation of chlorine. If a more rapid evolution of gas be desired, the 
obloride of lime is moistened with a dilute acid in place of with water. 

Chlorine is, at the ordinary temperature and pressure, a greenish yel- 
low gas, has a penetrating odor, and is very irritating to the air-passages, 
even when highly diluted with air. Its specific gravity is 2.45 A. or 
35.5 H. A litre of chlorine at the normal temperature and pressure 
weighs 3.17 grams. It is quite soluble in water, one volume of which 
dissolves three volumes of chlorine at 10° C It must therefor bo cul- 
Isoted by displacement of air, the disengagement-tube passing to the 
bottom of the collecting vessel, whose mouth is directed upward. 

A saturated solution of chlorine in water is used in the laboratory, 
where it is known as chlorine water; and medicinally under the names 
Aqua ciUorinii (U. S.), Liquor chlori\JBr.). Good chlorine water bleaches, 
and does not redden blue litmus. 

At a pressure of 6 atmospheres at 0°, or at 8^ atmospheres at 12% 
ohlorine assumes the form of an oily, yellow liquid, whose density is 1.33, 
and whose boiling-point is 33.6°. It has not yet been solidified. 

Chlorine unites directly with all elements except fluorine, oxygen, 
nitrogen, and carbon, and with these, fluorine possibly excepted, it is 
capable of combining Indirectly. In many instances the direct union of 
ehlorine with another element ts attended by the liberation of ligiit as 
well as of heat. 
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At a red heat chlorine deooinposes water readily, with the formation of 
hydrochlorio acid and the liberation of oxygen : 

2H,04-2Cl,=4HCl4-0,. 

The same reaction takes place more slowly at ordinary temperatures, 
under the influence of sunlight, and for this reason chlorine water must, 
be kept in bottles of yellow glass. 

Chlorine is an active bleaching and disinfecting acpent in the preaenoe 
of water. Its action in this respect is that of an indirect oxydant; it 
decomposes water, liberating oxygen, which then attacks the coloring 
or odorous organic matter. 

In many instances chlorine acts directly upon organic matters, a por- 
tion uniting with an equivalent number of atoms of hydrogen to form 
hydrochloric acid ; while another portion takes the place of the atoms of 
hydrogen thus displaced. Thus, with marsh-gas, hydrochloric acid and 
methyl chloride are formed : 

CH,4-C1,=CH Cl+HCl. 

Chlorine is capable of forming a definite hydrate, having the com- 
position C1.5H,0, which is a yellowish green, crystalline substance, formed 
when chlorine is passed through chlorine water cooled to 2^ — 3% and is 
again decomposed when the temperature reaches 10°. 



Compounds of Chlorine, 
Hjrdrogen Chloride. 

Hydrochloric etcid — Muriatic acid — Acidum muricUicum ( 171 &) — 
Acidium ht/drochloricum (-Sr.). — ^HCL — Although known to the alchem- 
ists, in solution, as spirits of salty hydrochloric acid exists in nature in 
small quantities only; in volcanic gases and in the gastric juice of the 
mammalia (p. 75). 

The source whence hydrochloric acid is obtained, either as an incidental 
product or by a special process, is sodium chloride. 

One of the steps of Leblanc's process for the manufacture of sodium 
carbonate is the decomposition of sodium chloride by sulphuric acid: 

2NaCl+SO,H,=SO,Na,4-2HCl. 

The acid, thus liberated, being very deleterious to both vegetable and 
animal life, is passed through suitably arranged towers, where it meets a 
descending stream of water, in which it is dissolved to form, after con- 
centration, the muriatic acid of commerce. As Leblanc's process is being 
gradually superseded by another in which hydrochloric acid is not lib- 
erated (see p. S98), the acid is now specially prepared by the same re- 
action. 

Hydrochloric acid is formed in a number of other reactions, none of 
which, however, has been utilized for its industrial production. One 
which is of theoretical interest, is by the direct union of its constituents: 
one volume of hydrogen and one of chlorine unite, under the influence of 
sunlight, to form two volumes of hydrochloric acid gas. 
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Hydrochloric acid U a colorless gas, having an aoid reaction, an acid 
taste, a sharp, penetrating odor, and producing' great irrttatioa of any 
tissue with which it comes in contact. Its specihc gravity is 1.264 A or 
3e.6 H. A litre weighs, at 0° and TfiO mm., lAiHit grams. When suW 
jected to a preaaure of 40 atmospheres at 4", gaseous hydrochloric acid 
assumes the liquid form. In contact with moist air it forms white clouds. 
It does not bum in air, nor does it support combustion. It is veiy solu- 
ble in water; one volume of water at 0° dissolving 480 volumes, and at 
tbe ordinary temperature IGO volumes. 

The muriatic or hydrochloric acids used in the arts and in pharmacy 
are solutions of the gas in water of different degrees of purity and con- 
centration. A pure, saturated solution in pure water is a clear, colorless 
liquid, has a strongly acid taste and reaction, a speciAc gravity of 1.2, 
and gives off white fumes when exposed to the air, Non'Saturated solu- 
tions have lower specific gravities, according to the degree of concentra- 
tion. 

SPECIFIC GRAVITIES OF SOLUTIONS OF HYDROCHLORIC 
ACID (ITre). 
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The boiling-point of hydrochloric acid solution varies with the con- 
centration. It is the highest, 111.11% with an acid of sp. ffr. 1.094. 
When concentrated hydrochloric acid is boiled, the totality of the gas 
is not expelled; when it reaches the composition of the hydrate Hul, 
8H,0, nearly corresponding to the specific gravity given above, its boilings 
point remains stationary and an acid of the same composition distils 
over. 

The varieties of the acid solutions used in the arts and in medicine 
are : 

Commercial muriatic acidy a yellow liquid; specific gravity about 
I.IG; contaminated with iron, with chloride of sodium, and with arsenical 
compounds. It is used only for manufacturing and coarse chemical pro- 
cesses. 

C, JP. hydrochloric cudd^ a colorless liquid, usually far from pure 
(see below). 

Acidum muriaticum ( W, S,) — Acidum hydrochloricum, (-Br.), a 
colorless liquid, of sp. gr. 1.16=32.3^ of the gaseous acid, which contains 
small quantities of impurities. 

Acidum muriaticum dilutum ( U, S.) — Acidum hydrocTdoricum diL 
( jBr.).— The last, diluted with water to sp. gr. 1.038, U. S. (1.052, Br.), and 
containing 7.74 per cent. HCl. (10.6 per cent., Br.). 

Hydrochloric acid is ranked, with nitric and sulphuric acids, as one of 
the strong mineral acids. It is decomposed by many metals, with liber- 
ation of hydrogen and formation of a cnloride: 

2HCl+Zn=ZuCl,+H,. 

With oxides and hydrates it enters into double decomposition, form- 
ing water and a chloride: 

CaO + 2HCl=CaCl,-fH,0. 

CaH,0,+2HCl=Caa,+2H,0. 

Most of the metallic chlorides are readily soluble in water, mercurous, 
silver, and lead chlorides being exceptions. 

By the action of oxidizing agents, hydrochloric acid is decomposed 
with liberation of chlorine, as in the reaction between it and potassium 
dichromate (p. 71). The chlorine, being thus in the nascent state, is 
capable of uniting with gold or platinum to form chlorides of those me- 
tals. The same liberation of chlorine takes place in the mixture of nitric 
and hydrochloric acids, in the proportion of one molecule of the former 
to three of the latter, known as Aqua regia, Acid, nitro^muriaticum 
(U. S,)y Acid. nitrO'hydrochloricum i^Br.). 

Compounds formed by the substitution of a metal or radical for the 
hydrogen of hydrochloric acid are called chlorides. 

Analytical. — The presence of hydrochloric acid, or of a chloride in 
8olution,hnay be detected by the formation of a white, flocculent pre- 
cipitate with silver nitrate, which is soluble in ammonia, but insoluble 
in nitric acid (see p. 81). 

Impurities. — Hydrochloric acid should be perfectly colorless. It 
should give no coloration with potassium sulphocyanate (iron). When 
shaken with chloroform, the latter should not be colored (bromine and 
iodine). It should not precipitate with solution of barium chloride, in 



I solution of Bulphur dioxide {chlorine] 
I tested for srsenic by Otto's niotliud.* 

Physiological. — Tlia existence of free hydroclilorio acid in the gastri' 
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Torieologij. — Notwithstanding the frequent use of this 
arts, it is very rarely ad ministered with murderous intent, i 
pronounced odor and taste. Several cases are recorded, however, 
which it has been tuken either by accident, or with suicidal intent. ] 
action is similar to that of sulphuric acid (<7. v.), but not as intense, ex- 
cept in to far as the larynx is concerned. The treatment consists in neu- 
tralizing the acid as quickly as possible by the administration of an alkali, 
or of magnesia. 

The detection of the acid in the body after death requires a quanti- 
tative determination. Stains produced by the acid upon colored cloth 
are of & brighter red than those produced by sulphuric acid, and do not 
destroy the fibre of the cloth to so great an extent. They disappear 
when moistened with aqua ammonia!, if they be not too old. 

J}iattnction betweeji poinons and corrosives. — Although the delete- 
rious action exerted by certain substances when they are taken into 
the stomach in small quantities has been known and made use of by the 
evilly incliiied from the earliest antiquity, the definition of a poison has 
been difficult. The elemeut of quantity, although it is an important 
factor in the method of action of deleterious substances, does not afford 

rund Upon which to base the desired definition, as it is impossible to 
definitely the doso of any poison which is necessarily lethal. Almost 
ftll substances, if taken in EUfliciont quantity, produce derangements 
which may terminate in death. 

There is this distinction between the methods of action of true poisons 
ftnd ot corrosives, such as tho mineral acids : tho former do not reveal 
their lethal character until they have been absorbed into the eijvulation ; 
the latter act, not through the blood, but by coming into immedii 
tact with and destroying some organ essential to life. Sulphuric acid 
will destroy life as surely by disintegrating a large surface of skir 
will by corroding the coats of the stomach. Both actions are due 
same quality of the acid, yet, if we include sulphuric acid among the 
poisons, ne are forced to the un philosophical conclusion of considering it 
a poison wlien it destroys the stomach, but not when it corrodes another 
equally essential orpan. 

The best definition of a poison we believe to be the following : Any 
tubitance tehich, c^fter absorption into the blood, produces death or serious 
bodily harm. The (juestion of quantity is tlius avoided, and, according 



r defini 



not a 



mfulr 



lults. 



I accordance with fact, tho same substar 
i taken in quantities Bufficient or insufficient ti 



pro- 



The mineral acids and alkalies, acting at their points of immedifti< 
contact with the tissues, find a place medically and toxicologioally under 
the head of corrosives, and legally among the "other noxious or destruc- 
tive things " mentioned in statutes relating to poisoning. 
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Ck>]iiiK>uxid8 of Chlorine and Oxygen. 

Three compounds of chlorine and oxygen have been isolated^ two 
being anhydrides. They are all very unstable, and prone to sudden and 
violent decomposition. 

Chlorine monoxide^ C[fi=hypocJdorou8 anhydride or oxidcj is ob- 
tained by the action of dry chlorine upon cooled, precipitated mercuric 
ozide — 

HgO+2Cl,=Hga, + Cl^O, 

as a blood-red, mobile liquid below 20^ Above that temperature it is a 
reddish yellow gas, having a penetrating odor similar to that of chlorine. 
It is decomposed with an explosion upon the slightest jar, and even 
spontaneously. When brought into contact with water it slowly forms a 
nearly colorless solution, containing hypochlarout^ dcidj ClOH, which may 
be more readily obtained in solution by passing a current of chlorine 
through water holding recently precipitated calcium carbonate in sus- 
pension, and subjecting the solution to distillation, the receiver being 
well cooled. 

This solution is a yellow liquid, having an acrid taste and an odor of 
chlorine. It is an exceedinglv active oxidizing and bleaching agent. 
Owing to its instability, the acid itself is not used industrially, although 
its salts, the hypochlorites of calcium, potassium and sodium are (see 
pp. 412, 401, 398). 

Chlorine trioxtdcy Clfi^=chloraus anhydride or oxide^ is obtained 
by the action of dilute nitnc acid upon potassium chlorate, in the pres- 
ence of arsenic trioxide. It is a greenish yellow gas ; decomposes at 
about 50^ C, with explosion; soluble in water; has strong bleaching 
powers, and an irritating action upon the airpassages when inhaled. Its 
aqueous solution contains chlorous acid, C10,H — a very unstable body, 
which has not been isolated, corresponding to a series of salts called 
cfUorites, 

Chlorine tetroadde, dfi^^: chlorine peroxide^ a violently explosive 
body, obtained by the action of concentrated sulphuric acid upon potas- 
sium chlorate. Below — 20^ it is an orange-red liquid, and above that 
temperature a yellow gas, probably composed of C1,04-C1,0. Although 
this body is sometimes improperly called hypochloric acidy there is no 
corresponding^ hydrate; and if it be brought in contact with an alkaline 
hydrate, a mixture of the chlorate and chn>rite of the metal is formed: 

Cl,0,+2KHO=C10,K4-C10,K-fH,0. 

Besides the above, there exist two other oxacids of chlorine, whose cor- 
responding anhydrides have not been isolated. These are chloric and 
perchloric acids. 

Chloric acidy C10,H— obtained in aqueous solution, by decomposing 
its barium salt with the proper quantity of dilute sulphuric acid. As 
thus obtained, it is a syrupy liquid, colorless or yellowish, and strongly 
acid. It decomposes at 40 , and is an energetic oxydant. 

Perchloric add, ClO^H — the most stable of the series, is prepared by 
boiling potassium chlorate with hydrofluosilicic acid, cooling, decanting 
the clear fluid, which is evaporated and from time to time decanted until 
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white fumes appear, when it is distilled. It ts a colorless, oily liquid, 
sp. gr. 1.783; explodes on contact with organic substancea or charcoal; 
corrodes animal tissues energetically. 

It euters into llie composition of chlorodyne. 



BROMINE. 
Br 



Discovered by Balard in 182G, Its name is derived from ffpCJ/to^, an 
evil odor. It does not exist free in nature, but ia found in combination 
'with the alkaline metals and mag-nesium, widely diffused, but in small 
quantities. 

It is obtained from the mot her- liquors of salt springs, especially those 
of Staasfurth and Kreuznach in Germany, and of Pomeroy, Ohio; from 
the mother-liquor left in the manufacture of sea-salt; and from kelp (see 
p. 78). These are subjected to distillation with mang'snese dioxide and 
sulphuric acid, by which the bromides are decomposed and elementary bro- 
mine liberated. 

At ordinary temperatures, bromine is a dark, reddish brown liquid; 
has a strong', disagreeable odor, somewhat resembling that of chlorine ; 
is irritating to the air-passagea, and corrodes animal tissues with which 
it comes in contact. 

It is volatile at all temperatures above its point of solidification, 
giving off red fumes. It boils at 03°. Its freezing-point is variously 
given from — t,3° to — 24.6°. The latter Is probably the correct one, the 
higher freeiing-points of some samples being due to the presence of 
water. Sp. gr. 3.1872 at 0". Soluble in water to the extent of 3.2 parts 
in 100 at 15 . When the solution is cooled to 0° in the presence of an 
excess of bromine, a crystalline hydrate, Br.5H,0, is formed. It is more 
soluble in alcohol, carbon disulphide, chloroform, and ether, than in water. 
Its solutions, which are yellow or brown, acconling to concentration, are 
ducomposed by exposure to light, with formation of hydrobromic acid. 

Its chemical properties are the same as those of chlorine in kind, but 
leas energetic. 

It is highly poisonous, but, owing to its comparative rarity and its 
powerful odor, only one case of death from its action has been recorded. 

Free bromine may be recognized by its odor, by the yellow or brown 
color of its chloroform solution, and bv the yellow or orange color which 
it communicates to starch paste. (For the analytical reactions of the 
bromides, see p. 31.) 
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Hydrogen Bromide. 



jdrobrotnic a«<f, ITBr. — This acij cannot be obtained by decom- 
;ion of a bromide as hydrochloric acid is obtained by decomposition 
of a chloride, as it is destroyed by the presence of any excess of sulphurio 
aoid. It is obtained by the action of water upon phosphorus tribromide — 



, °;j] 



PIlr, + 31I,0=PO,H,+3HBr, 
by the action of bromine ujwn paralBne. 



>uds on contact with air; li- 
', and solidifies at —73'; has an acid taste and reaction, and , 
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dissolves readily in water, with which it forms a definite hydrate, HBr 
2H,0. Its chemical properties are similar to those of the corresponding 
chlorine compound. Its hydrogen is replaceable by metals to form 
bromides. 

Oxaoids of Bromine. 

No oxides of bromine are known, although three oxacids exist, either 
in the free state or as salts: 

Ilypobromous acid — BrOH — may be obtained, in aoueous solution, 
by the action of bromine upon mercuric oxide, silver oxide, or silver ni- 
trate. When bromine is added to concentrated solution of potassium 
hydrate, no hypobromite is found, but a mixture of bromate and bromide, 
having no decolorizing action. With sodium hydrate, however, sodium 
hypobromite is formed in solution, and such a solution, freshly prepared, 
is used in Knop's process for determining urea (p. 264). 

JBromic acid — BrO,H — is readily obtained, in aqueous solution, by 
the action of chlorine upon bromine, in the presence of water, or by the 
decomposition of barium bromate, suspended in water, by sulphuric acid. 
In combination as a bromate, it is ootained by the action of bromine 
upon a solution of potassium hydrate — 

6KH0 4- 3Br, = BrO.K + 5KBr + 3H,0, 

the bromate being separated from the bromide by taking advantage of its 
more sparing solubility. 

Perbromic acid — BrO^H — is obtained as a comparatively stable, oily 
liquid, by the decomposition of perchloric acid by bromine, and concen- 
trating over the water- bath. It is noticeable in this connection that, 
while hydrochloric acid and the chlorides are more stable than the corre- 
sponding bromine compounds, the oxygen compounds of bromine are more 
permanent than those of chlorine. 



lODINR 
127 



Discovered in 1811 by Courtois; further studied by Gay-Lussac in 
1814, and by Sir H. Davy at about the same time. Name derived from 
twS?/*?, violet, referring to the color of its vapor. 

Iodine has not been found to exist in nature in the free state, but in 
combination it is widely disseminated in the three kingdoms of nature, 
without, however, being anywhere abundant. The iodides of potassium, 
sodium, calcium, and magnesium exist in small quantities in sea-water, in 
the waters of mineral springs, and indeed, in mere traces, in most natural 
waters; more abundantly in the ashes of marine plants, sponges, molluscs 
and polyps, as well as in the bodies of animals living in salt water. Cod- 
liver oil contains appreciable quantities of iodine — according to De Jongh, 
37 parts in 100,000. 

Iodine is obtained almost exclusively from the ashes of sea-weeds 
collected in Scotland and in the north of France. The weeds are burned, 
and the ash, known as kdp in Scotland, and as varech in France, is ex- 
tracted with water, and the solution subjected to fractional crystalliza- 



tion. Tbo last concentrated mother-l^tiid, which refuses to orystallize, 
contains the iodides; they are decomposed by a current of chlorine, aided 
by heat; the iodine being' thus driven olT, is collected in auitabla con- 
densing-chambere. 

It occurs in iron-gray, brittle, crystalline scales, having a metallio 
lustre, and a sp. gr. of 4.948 at 17*. It melts at 113.6° and boils at 175°. 
Its vapor ia of a rich violet color. It volatilizes at all temperatures, the 
Tapor condensing in the crystalline form. The density of the vapor is 
8.71f> A, or 127 H. It has a peculiar and characteristic odor, and a disa- 
greeable taste; is sparingly soluble in water, which takes up a larger 
Quantity, however, on standing over an excess of iodine — owing to the 
□rmation of hydriodio acid, in a solution of which iodine is more soluble 
than in pure water. The solubility of iodine is very much increased by 
the presence of certain salts, notably of potassium iodide. A solution of 
iodine in solution of potassium iodide is used in medicine, under the 
naniea Xiq. iodinil oompotitus {U. S.), Liq. iodi (Br.), JjUffoPs solution. 
Iodine is soluble in alcohol (77nc(. iodiiui), and in ether with a brown 
oolor; in chloroform, bensol, and carbon disulphide, with a violet color. 

Its chemical properties are similar to those of chlorine and bromine, 
but less marked. In the presence of water, iodine exerts a slight oxidiz- 
ing and decolorizing action. It decomposes hydrogen sulphide with lib- 
eration of elementary sulphur and formation of hydrogen iodide. It does 
not combine with ordinary oxygen, but does with ozone. It unites directly 
with many of the metalloids, and with most of the metals, to form iodides. 
It dissolves in solution of potassium hydrate, with formation of potassium 
iodide and some hypoiodide. Nitric acid oxidizes it to iodic acid. With 
ammonium hydrate it forms nitrogen iodJJe (ij. v.). 

Free iodine may be detected by the blue-violet color which it com- 
municates to starch, and by the violet color of tts solutions in carbon 
disulphido and chloroform. 

Cfommercial iodine ia liable to contamination with foreign substances. 
Of these, non-volatile bodies, sueh as manganese dioxide, graphite, etc., 
may be detected and separated by subliming the iodine. Water has been 
found to be used as an adulterant of iodine in as large quantity as twenty 
per cent.; it renders the iodine moist and sticky; and when iodine so 
adulterated is dissolved in carbon disulphide, the water separates in a dis- 
tinct layer. Chlorides of calcium and magnesium have also been detected 
in iodine. The most serious contamination, however, is that with the 
iodide of cyanogen, which is probably formed during the process of manu- 
facture, by the decomposition of cyanides contained in the kelp. The 
scales of iodine so contaminated have upon their surfaces minute, white, 
acicular crystals. To detect and at the same time separate this impurity 
when present even in very small quantities, heat one ounce of the iodine 
over the water-bath in a porcelain dish, covered by a flat-bottomed flask 
containing cold water. After about twenty minutes' heating the iodide 
of cyanogen will have collected on the bottom of the flask, in white acicu- 
Ur crystals. 

Action on the Economy. 

When brought in contact with the skin it produces irritation and a 
hfown stain, which, however, soon disappears. When taken internally, 
it acts both aa a local irritant to the surfaces of the intestinal canal, with 
in contact, and as a true poison. Cases of acute iodioa 
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poisoning are not common, and those recorded are due to accident or neg- 
ligence, with one exception, in which homicide was prevented by the 
color communicated to the starchy fluid with which the iodine was mixed. 
It is probable that when iodine is administered internally, it is converted 
into hydriodio acid (q. v.) during the processes of assimilation. At all 
events, it is ultimately discharged as an alkaline iodide by the urine and 
saliva, but not by the perspiration, whether it be taken as free iodine or 
as potassium ioaide; when taken in large quantities, it also appears in 
the faeces. The treatment consists in removing the poison by emetics or 
the stomach-pump, as rapidly as possible. 



Hydrogen Iodide. 

JSydriodic acid — ^HI. — ^Hydriodic acid does not exist in nature. For 
its preparation recourse is had to the decomposition of phosphorus tri- 
iodide by water: 

PI.+3H,0=PO,H,4-3HI. 

Red phosphorus is placed in a retort, under water ; the proper quantity 
of iodine is then added and the retort heated. 

When desired in solution, it is more readily obtained by directing a 
current of hydrogen sulphide through water holding iodine in suspension — 

H,S+I.=2HI4-S, 

and filtering from the precipitated sulphur. This is the method directed 
by the U. S. P. 

Hydrogen iodide is a colorless gas, fuming on contact with air, having 
a strong acid reaction and a penetrating odor. Sp. gr. 4.443 A — 64.2 rL 
By cold and pressure it may be condensed to a yellow liquid, which solidi- 
fies at —55°. It is very soluble in water, one volume of which, at 10% 
dissolves 425 volumes of the gas. The saturated solution has a density 
of 1.7. When heated, like hydrochloric acid solution, it gives off a part 
of its gas, until the boiling-point becomes stationary at 126°, when the 
remainder distils without decomposition. 

Hydriodic acid is decomposed into its component elements when 
heated — the decomposition being only partial, as the same influence 
brings about a partial union of the elements. When a mixture of hydriodio 
acid and oxygen is ignited, iodine is set free and water is formed. The 
same action takes place when the mixture is exposed to sunliffht. 
Aqueous solutions of hydriodic acid, when exposed to the light, quickly 
become brown from a decomposition of the acid, with separation of ele- 
mentary iodine. Hydriodic acid is also decomposed by a number of other 
substances ; by many metals with formation of metallic iodides and 
liberation of hydrogen; by chlorine and bromine with liberation of iodine; 
by sulphuric and nitric acids, also with liberation of iodine; and by many 
cnlorides, with formation of hydrochloric acid and an iodide: 

Pa,+3HI=PI,+3Ha 

The readiness with which it gives up its hydrogen renders it a valuable 
source of that element in the nascent state, for which purpose H ia used 
in organic chemistry. 
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Cyanides also give a white precipitate v 
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detected by the characters given on p. 340. 

For the methods of detecting small quantities of these salts in the 
presence of each other, and for their estimation, see the works of Roac, 
KreBcnius, and Gerhard and Chancel, 
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I.+6KHO = IO,K + 5KI+3H,0, 

us the free acid, by the action of strong oxidizing agents, such as nitric 
iicid or chloric acid, upon iodine; or by passing chlorine for some time 
through water holding iodine in suspension. The preparation and puri> 
tioation of iodic acid are always tedious. 

Iodic acid appears in white crystals, decomposable at 170°, and quite 
soluble in water, the solution having an acid reaction, and a bitter, as- 
tringent taste. 

It is an energetic oxidizing agent, yielding up its oxygen readily, vrith 
separation of elementary iodine or of hydriodic acid. It Is used aa a test 
tor the presence of morphine {q. v.). 

Periodic acid ; lO.H — is formed by the action of chlorine upon an 
alkaline solution of aodium iodate. The sodium salt thus obtained is dis- 
solved in nitric acid, treated with silver nitrate, and the resulting silver 
periodate decomposed with water. From the solution the acid ia oli- 
tained in colorless crystals, fusible at 130°, very soluble in water, and 
readily decomposable by heat. 
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IL SULPHUR GROUP. 

Sdlphur S 

Selkmum Se 79.6 

Tellurium Te 128 

The elementB of this group are divalent. With hydrogen they f 
compounds composed of one volume ot the element, in the form of vapi 
witb two volumes of hydrogen — the combination being attended v 
condensation in volume of one-third. Their hydrates are dibasic » 
They are all aolid at ordinary temperatures. The relation of their < 
pounds to each other are shown in the following table: 

H,B. ' BO,. SO,, R0,I1„ 




This element has been known in its own form from remote antiquity. 
It was called C*iov by the Greeks, It occurs in actively volcanio regions, 
in crystalline powder, in large crystals, or amorphous. It is brought 
]irincipally from Sicily, Iceland, and the vicinity of Naples, where it ia., 
found near " solfatarffi," which are vents in the craters of extinct voloani 
through which gases still issue. 

The native sulphur is always accompanied by more or less 
matter, from which it is separated by two distillations : one in the h 
where it is collected, the product of which is crude sulphur; uid 
second, in a more perfect apparatus, which yields refined lulphu 
ia in one of two forma. During the first portion of the distillation, whila 
the air of the cnndensing-chamber is still cool, the vapor of sulphur is 
condensed in the form of a fine powder, known a.sJfoiBera of mlphw, and 
composed of minute crystals. At a later stage, when the temperature 
of the condeosing-chamber reaches 114°, the sulphur collects at the bot- 
tom as a liquid ; this is drawn off from time to time, and cast into elon- 
gated, conical Taov\A&t ionaittg roll sidphnr. Its physical properties are 
affected by various conditions. Generally, sulphur appears as a light yel- 
low solid, having neither taste nor odor. At low temperatures (below 
— 50°), and when in a state of line subdivision, it is almost oolorlesa. 

It is dimorphous; crystallizes in oblique rhombic prisms when fuud 
sulphur is allowed to solidify, and in rhombic octohedra when its solutioB: 



i 



ill carbon disulphide is alloweil to evaporate spontaneously. The two 
forms differ from eaoh other in specific gravity : that of the prismatic 
sulphur being 1.95, and that of the octohedral 2.05. The fusing-point 
of the first variety is 120°; that of the second 114.5°. The prismatic 
variety does not remain such indefinitely ; transparent at first, it gradu- 
ally becomes opaque from a conversion of the prisms into collections of 
octohedra. 

When sulphur is heated it melts to a thin, yellow liquid at about 114°; 
at from 150' to 1C0° this becomes thick and brown ; toward 330° to 340 
it becomes thinner &nd' lighter iu color again, and, finally, it boils at a 
temperature variously stated from 440° (Deville) to 448° (Becquerel), 
giving off a brownish yellow vapor. When heated to about 400° and 
suddenly cooled, it is converted into still another variety, kuown a.f 
plaetic aidpliur, which, for a time, is reddish brown, transparent, elastic, 
and so soft that it may be moulded into any desired form. At 1,000° 
the density of vapor of sulphur is 'i.'iih. or 31.75H, The best solvents 
of sulphur are protochloride of sulphur and carbon disulphide, a solution 
in the former containing 66.7 per cent, of sulphur at ordinary tempera- 
tures, and the latter dissolving 3T.2 parts per 100 at 15°. It is also 
soluble to a less extent in aniline, phenol, benzol, benzine, and chloroform. 

Sulphur may be obtained as a white, very finely divided powder, by 
the decomposition of calcium sulphide. As thus prepared, it is the Sti- 
phur pnscipitatum (U. S., Br.}, or miik of stdphur. 

Sulphur unites readily with other elements, forming compounds 
which, except those formed with elements of the chlorine group and 
oxygen, are known as sulphides. When heated in contact with air o 
oxygen, it burns with a blue flame, giving off sulphur dioxide, SO,. Ii 
an atmosphere of hydrogen it burns with formation of hydrogen sulphide. 

The compounds of sulphur resemble in composition, and to some ex- 
tent iu their chemical properties, the corresponding oxygen compounds 
when these exist. Thus, carbon disulphide, CS„ is an anhydride corre- 
s^tonding to carbon dioxide, CO,. In many organic substances sulphur 
may be made to replace oxygen; thus, we have sulphocyanic acid, CNSH, 
corresponding to cyanic acid, CNOH. Sulphur is used in the arts, prin- 
cipally for the manufacture of gunpowder; also to some extent in making 
sulphuric acid, sulphur dioxide, and matches, and for the prevention of 
parasitic growths. It is not used medicinally to the same extent as 
formerly. We have only theoretical explanations of the method in 
which it is rendered capable of absorption. That it is absorbed when 
taken internally is, however, certain, from the fact that persons taking it 
excrete by the skin sufficient quantities of some compound of sulphur to 
blacken silver coins carried in their clothing. 
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of these are known — similar in composition to the oxygen c 



Hydrogen sulphide. , , . 
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Hydrogen Sulphide. 

Stilphydric acid — IlydroeiUpkttric add — Nidpfiuretted hydroaen — 
H,S — exists in nature in the volcanic gases; as a result of the decum^io- 
sition of organic matters containing sulphur; and ia soluiion i:i the wi- 
ters of some mineral springs. 

It may be obtained by the direct anion of the elements, either 
burning sulphur in hydrogen, or by passing a current of hyd: 
through molten sulphur. At high temperatures vapor of sulphur di 
poses water with formation of hydrogen sulphide and pentathionic acid. 
It is alao formed by the action of nascent hydrogen upon sulphuric acid, in 
the presence of zinc, if the mixture become heated. This last method of 
formation is of interest in connection with Marsh's test for arsenic {q. v.). 

Whon desired in the laboratory, it is obtained by one of the three fol- 
lowing reactions: 

F^r»t. — By the action of hydrochloric acid upon antimony trisulphide: 






Sb,S,+6HCl=2SbCl,+3H,S. 

Second. — The process usually adopted is by the action of diluted st 
phuric acid upon ferrous sulphide; 

FeS+SO.H,=SO.Fe+H,S. 

7%ird, — When the gas is required for toxicological analysis, it ia es- 
sential th&t it should contain no hydrogen arsenide (which has bren 
shown by Myers to be capable of existence in the presence of hydrogen 
sulphide); and as it is difScult to obtain ferrous sulphide free from 
arsenic, which would be converted into hydrogen arsenide under the con- 
ditions required for the formation of hydrogen sulphide. Otto has 
recommended that hydrogen sulphide be obtained in such casea by Xhft, 
action of hydrochloric acid upon calcium sulphide {q, v.); " 



i 



CaS-l-3HCi=CaCI,+H.S. 



ia4^| 



By whatever method hydrogen sulphide is prepared, it must be waaht 
before use by bubbling through water. 

Hydrogen sulphide is a colorless gas, having the odor of rotten ^^ 
and a correspondingly disgusting taste; sp. gr. 1.19 A — 17.2 H. Water 
at 15° dissolves 3.33 times its volume of the gas, which ia also soluble in 
alcohol. At — 74°, at the ordinary pressure, or under a pressure of 17 
atmospheres, it liquefies; and solidlieB at — 83.5°, into white crystals. The 
density of the liquid is 0.9. 

Hydrogen sulphide burns in air with formation of sulphur dioxide an<i 
water: 

3H,S+30,==2SO,+2H,0. 

If the supply of oxygen be deficient, water is formed and elementarjrl 
sulphur deposited: 

H,S-l-O=H,0 + S. 

Mixtures of hydrogen sulphide and oxygen, or air, explode on the ap- 
proach of a flame. When hydrogen sulphide in solution is exposed 1 



ACTION ON THE ECONOMY. bO 

ihe air, il is decomposed into sbparation of suljiliur. Solutions sliould be 
made with boiled water aiid kept in botlks, which are completely filled 
and well corked. Oxidizing- ag-uiiCs decompose hydrogen sulphide readily 
with separation of sulphur; it is also similarly decomposed by chlorine, 
bromine and iodine, which unite with its hydrogen. Sulphur dioxide and 
hydrogen sulphide mutuully decompose each other (see p. 87). 

When the gas is passed through a solution of an alkaline hydrate, the 
oxygen of the hydrate is displaced by sulphur, with formatiou ot a sulphy- 
drate; 

n,s+Kno=H,o+Kiis. 

Whim directed through a solution of a metallic salt, hydrogen sul- 
phide relinquishes its sulphur to the metal — 

SO,Cu+H,S=CuS+SO.H, 

— a property which renders it of great value in analytical chemistry. 

The presence of hydrogen sulphide, even in minute quantitieii, may 
be detected by its odor, and by the brown or black coloration which it 
produces in a piece of filter-paper moistened with solution of lead acetate. 



Action on the Economy. 

Hydrogen sulphide exists in small quantity in the gases of the intes- 
line, where it results from the decomposition of albuminous material, or 
from that of Uurocholic acid; it also occurs occasionally iu abscesses and 
in the urine tn tuberculosis, variola, and cancer of the bladder, resulting 
from the decomposition of some unknown sulphurized body. In certain 
exceptional cases the gaa may also reach the bladder by diSusion from 
the rectum (Befte). 

When inhaled, hydrogen sulphide is an active poison. An animal 
placed iu an atmosphere of the gas dies almost immediately, and the 
moderately diluted gas is still rapidly fatal. The minimum proportion in 
which it is fatal to human life is stated by Letheby to be one per cent.. 
Although Gaultier de Claubry claims that workmen have existed for some 
time in an atmosphere containing three per cent. Even when highly 
diluted, it produces, when inhaled, a low, febrile condition; and cr"" 
should be had that the air of laboratories in which it Is used is not oi 
laminated by it. 

The researches of Kaufmann and Rosenthal, Diakonaw and Preyer, 
leave no doubt that the toxic effects of hydrogen sulphide are due prima- 
rily, if not entirely, to its reducing and combining with the coloring- 
matter of the red blood'oorpuaoles. 

Sewer-ga»ea. — It is but rarely that a human beintt inhales simple mix- 
tures of air with hydrogen sulphide. The latter generally produces its 
ileleterious effects as a constituent of the gases emanating from sewers, 
privies, burial-vaults, etc., in which it exists both in its own form and as 
ammonium sulphydrate. Cases of accidental (if ^■^^ adjective be admis- 
sible) poisoning from sewer-gases are of two forms; 1. Slow poisoning, 
■oinetimea terminating fatally, by sewer-gases diluted with air and trace* 
able to defective plumbing; generally in dwellings "fitted with all the 
modern conveniences," Very common, although easily preventable by 
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proper trapping and ventilation of Eoil- and waste-pipes. Z. Cases which 
may be designated as acute, in which the gas is inhaled in a more ooneen- 
trated form, as by those entering sewers or engaged in the removal oi 
night-soil. The rictim usually falls as if by the effect of a sudden blow, 
and, even if rescued within a few moments, frequently dies within twenty- 
four hours. 

The treatment should consist in promoting the inhalation of fresh air — 
by artificial respiration if necessary, cold affusions, the administration 
of hot brandy and water, and the inhalation of air containing a trace of 
chlorine. 

In cases of death the blood is very dark in color, and on spectroscopio 
examination shows the bands of sulp haemoglobin. 



H Sulphur Dioxide. 

r Sulphurom anh'jdruIeSidphurous acul—Sulphuron« oxide — SO,. — | 
Sulphur dioxide exists iu volcanic gases, and in solution in some natural f 
waters. 

It is prepared by burning sulphur in air. This method is adopted I 
when the gas is required as a disinfectant, and in some sulphuric acid I 
factories. 

By roasting iron pyrites in a current of air, i[i most sulphuric acid J 
factories. 

During the combustion of coal or coke containing sulphur, and of ] 
coal-gas contaminated with carbon disulphide. 

By heating strong sulphuric acid witn copper turnings: 

2SO.H, + Cu = SO.Cu + 2H,0 + SO,. 

The acid is brought in contact with the metal and heated until th» I 
action begins, after which the heat is moderated, or, if th0 action becomo [ 
too violent, withdrawn entirely. This is the method followed for obtain- 
ing the gas in the laboratory. The product must be passed through k 1 
small quantity of water. The same reduction of sulphuric aoid is accom- 
plished by other substances, such as sulphur, carbon, mercury, and silver. 
According to the United States and British Pharmacopceias, charcoal is 
to be used. 

Sulphur dioxide is a colorless gas, having a suffocating odor (that of 
burning sulphur matches), and a disagreeable and persistent taste. Sp. ' 
gr. 2.234: A— 32.25 H. It may be easily liquefied at —10°, forming a. | 
colorless, mobile, transparent liquid, which solidifies at — 75° and boils at 
— 8^ By a rapid evaporation of the liquid, a temperature of —65° is 
obtained. It is very soluble in water, which, at 15°, dissolves more than 
forty times its volume. It is also very soluble in alcohol. 

Sulphur dioxide is not a supporter of combustion, nor will it burn in 
air. When heated in contact with hydrogen, it is decomposed with 
formation of water and separation of sulphur. In presence of nascent 
hydrogen, however, hydrogen sulphide and water are formed. 

Water not only dissolves the gas, but forms with it a true hydrate, 
SO,H„ which exists in the solution. A hydrate of this acid, crystalline, 
fusible at +4°, and having the composition S0,H,+8H,0, has been sepa- 
rated. While, therefor, the name sulphurous acirt is incorrect as apphed 
to the gas, It is perfectly applicable to the solution. Such a solution i» 1 



SULFHXnt TSIOXIDE. 

oSoiDBl under the name Acidujn suipkurosHm (U. S,, Br.) (IJ. S. aji. gr., 
1.035^Br. sp. gr. 1.04; both Dearly saturated at the ordinary tempera,- 
ture). 

It is a valuable reducing agent, for which purpoae it is frequently 
used, either in the gaseous form or in aolution. Its deoxidizing power ia 
due to the absorption of oxygen by the sulphurous acid to form sulpburio 
acid: 

SO,H,+0:-SO.H,; 
SO.+H,0+0=SO.H,. 

It decolorizes vegetable substances, without, however, permanently 
destroying the pigment; for if an organic substance, bleached by sulphur 
dioxide, be washed with dilute sulphuric acid, the color is restored. Its 
bleaching power is utilized in the manufacture of straw, silk, and woollen 
goods. It is prdbable that this decoloration is due to an oxidation of 
sulphurous acid at the expense of the oxygen of water, the nascent hy- 
drogen uniting with the coloring- matter to form a coiorleas compound, 
as indigotine is converted into white indigo by the aotion of reducing 
agents. It is also used as a disinfecting and deodorizing agent — probably 
behaving toward other organic matters as toward the pigment^. Its chief 
value, however, for this purpose is in the destruction of hydrogen sul- 
phide, which it brings about with fonnatiou of water and pentathionio 
acid, and liberation of sulphur: 

4SO,-|-3H,S=2n,0-l-S.O.H,-|-S,, 

In this case it is not a reducing, but an oxidizing agent. 

Sulphur dioxide and chlorine combine directly under the influence of 
sunlight to form a liquid having the composition SO,C'I„ the chloride of 
the divalent radical sulphuryl (bO,)", which also exists in sulphuric acid, 
and which may be considered as existing free in sulphur dioxidi 
carbonyl (CO)" exists free as carbonic oxide. 

Corresponding to sulphurous acid, which is dibasic, arc salts knov 
stdphites. 

Although poisonous when inhaled in the concentrated form, it can only 
be regarded as annoying when largely diluted with air; moreover, in- 
dividuals become quickly habituated to inhaling air containing compara- 
tively large quantities of this gas. A delicate reagent for the presence 
of sulphur dioxide is obtained by moistening paper, impregnated with 
starch paste, with a solution of iodic acid; a mere trace of the gas, 1 to 
" """ ■ ■ ■ "• ■ to reduce tho iodic aoid, when the liberated iodine 
.lb the ataic)]. 



I produQi 



Sulphur Trioxide. 



flulphHri'! anhydride — Sulphuric oxide, SO,. — Although formed by 
the direct union of sulphur dioxide and oxygen, at 26O°-30O*', and in the 
presence of spong}' platinum, this substance ia more easily obtained from 
Nordhauscn sulphuric acid (7. v.), by distillation at a temperature beloi 



vapors in a condei 
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100°, and collection of the v 
ice and salt. 

t appears iu the form of white, silky needles. It is capable of exist- 
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ing !n two forms, which differ froin each other in their fusing ftnd boilia 
pointa. It has a great tendency to unite with water to form sulphur 

S0, + H,O=SO.H„ 

and when oxpoaed to the air it gives off white fumes of that i 
(ormed by union with atmospheric moisture. When i 
water a hissing sound is observed, and there is a marked eievatioo of ten 
perature. When perfectly pure it does not redden dry, blue Jit 
paper; nor has it any corrosive action upon animal tissues until, b 
absorption of moisture, it is converted into sulphuric acid. 

Berthelot has doeoribed another oxide of sulphur, having the composi-'J 
tion S,0, — an unstable, crystalline body, formed by the union of sutphu] 
dioxide and oxygen, under the influence of silent electric discharges. 

Oxacids of Sulphur. 

These compounds form an extended series, some of the terms of 
which are verv important industrial products. They may be divided into 
two groups, some of the members of which are known only in combi- 



SO.H Hydroaulphurous acid. S,0,H, Dithionio acid. 

SO.H, Sulphurous acid. S,0,H, Trithionic acid. 

SO.H, Sulphuric acid. S.O.H, Tetrathionic acid. 



S H HyposulphurouB acid. 
S,0,H, Pyrosulphuric acid. 



S.O.H. Pentatbionio acid. 



I 



It is unfortunate that the name hyposulphurous acid (hyposulphites), 
should have been applied and retained by usnge, to the compound 
S,0,H„ as it properly belongs to SO,H,; discovered by Schtltzenberger 
ill 1869. The so-called hyposulphurous acid may be considered as formed 
by the union of two molecules of SO,H,, with separation of a molecule of 
water; or us sulphuric acid in which one atom of oxygon has been re- 

^-^--—- J 

Hydroaulphurous Acid — SO,H,. ■ 

Is only known in solution, in which form it is obtained by the action 
of zinc upon sulphurous acid in solution. It is an uiistable body, and a 
powerful bleaching and deoxidizing agent. Upon its deoxidizing power 
ScbQtzenberger and Rialer have based a process for the quantitativs 
determination of oxygen, admirably adapted for use in analysis of blood.* 

Sulphurio Aoid— SO,H,. 

This acid, or rather the commercial product containing it, is manufao- ■ 
tured in enormous quantities, and may be said to be the basis of chemical 1 
industry, as there are but few processes of chemical technology into J 
some part of which it does not enter. 

BolL Soo. Chim. Faiis, xix., 152 ; ix., 140. 




It was known to the earlier alcheTnists as »p!r!t3 of Itomrm vitriol: 
they obtained it by the distillation of ferrous sulpliate, a method still fol- 
lowed for the manufacture of the so-called Nordhausen acid (y. v.). 

The method by which the commercial acid is now obtained is the re- 
Buh of gradual improvement, through a period of time beginning in the 
early part of the seventeenth century. In its present form it may be divided 
into two parts: 1st, the formation of a dilute acid; and '^d, the concen- 
tration of this product. 

The first part is carried on in immense chambers of timber, lined with 
lead, and furnishes an acid having a specific gravity of 1.55, and containing 
aixty-five per cent, of true sulphuric acid, SO,H . Into these leaden cham- 
bers sulphur dioxide, obtained by burning sulphur or by roasting pyrites, 
is driven along with a large excess of air. In the chambers it comes in 
contact with nitric acid, at the expense of which it is oxidized to sul- 
phuric acid, while nitrogen tetroxide (red fumes) is formed: 

SO, + 2NU,H=SO,H, + SNO,. 

Were this the only reaction, not only would the cost of sulphuric acid 
be much greater than it is, but the disposal of the red fumes would offer 
serious obstacles to its manufacture. To avoid these difficulties, a second 
reaction is resorted to. Water in the form of steam, or of fine spray, is 
discharged into the chambers, and, coming in contact with the nitrogen 
tetroxide, converts part into nitric acid and part Into nitrogen dioxide: 

3NO,-)-H,0=2NO,H-t-NO. 

The nitrogen dioxide, in contact with the oxygen of air carried into 
the chamber, forms nitrogen tetroxide — 

NO-f-0=NO„ 

which in turn yields more nitric acid. These series of changes go on con- 
tinuously, the supply of sulphur dioxide and water being carefully regu- 
lated to the required proportions, and the nitric acid acting merely as a 
carrier of oxygen from the air to the acid. 

The acid is allowed to collect in the chambers until it has the sp. gr. 
1.55, when it is drawn off. This chamber acid, although used in a few 
industrial processes, is not yet strong enougli for most purposes. It is 
concentrated, first by evaporation in shallow leaden pans until its specific 
KTavity reaches 1.74C; at this point it begins to act upon the lead, and 
19 transferred to platinum stills, whore the concentration is completed. 

The product is of three grades, according to the extent to which the 
concentration has been carried: sp. gr. 1.833^93 per cent., SO,H ; sp, gr. 
1.840=98 per cent., SO,H,; and sp. gr. 1.840=99^ per cent., SO.H,. 

The commercial acid is an oily liquid, having a more or less pro- 
nounced brown tinge, and is known as oil of vitriol. It still contains 
many impurities, from which it is partially freed by distillation in gli 
the product being the so-called C. P., or chemically pure acid, whicii 
however, rarely so. 

The pure acid is a colorless, oily liquid; sp. gr. 1.842 at 12°; solidifit 
at 10.5', and boils at 338°, although ebullition seems to begin at ^T'" ' 
i^odoriesS] intensely acid in reaction atid in taste, and highly 
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wild the amount of water, as slio 



DENSITIKS OF SOLUTIONS OF SULPHURIC ACID AT +15%J 
AFTER J. KOLB. 
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When the vapor of sulphuric acid is heated to redness, it is deconi"''! 
posed into oxyprei', water, and sulphur dioxide. It ia also reduced, with for-^ 
inatioii of sulphur dioxide, by many substances, such as sulphur, phos 
jihorus, carbon, mercury, copper, and silver. 

Sulphur trioxide unites with water to form at least three definite ] 
hydrates: one, the compound S,0,H„ which will be considered below; 
another, the so-called monohydrated acid, SO.H^, or, true sulphuric acid; 
and a third, sometimes called the bihydrated acid, having the composition ' 
S0,H,-1-H,0, which crystallizes in large prisms, fusible at +8.5"; sp. gr, 
1.788. 

When sulphuric acid is mixed with water, tlirre is an elevation of 
temperature which amounts to 100° when four volumes of acid are mixed 
with one volume of water. The tendency of sulphuric acid to absorb water is 
such that it is frequently used as a drying; agent, absorbing water from the 
surrounding air or from gases which are caused to bubble through it. 
For the same reason it is unsafe to leave the acid in a vessel exposed to 
theHir,aa it is liable to absorb moisture to such an extent that by ia- 
crease of bulk it overflows. When mixtures of acid and water are to bo 
made, the acid should be added to the water (in a vessel of thin glass). 

Owing to its affinity for water, sulphuric acid destroys many organia 
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sabstanees, removing from them the elements of water, and, in t!ie case 
ot the carbohydrates, leaving- ft residue of carbon. 

Sulphuric acid ia a powerful dibasic acid. 

The presence of sulphuric acid or of a soluble sulphate may be de- 
tected by the formation of a white precipitate of barium sulphate with 
cbloride or nitrate of barium in an acid solution. This precipitate, when 
dried, mixed with charcoal and strongly heated, is converted into barium 
sulphide; whioli, when moistened with hydrochloric acid, gives off hydro- 
gen sulphide, recognizable by the blackening of paper moistened with 
solution of lead acetate. 

There are three varieties of sulphuric acid used in pharmacj'. The 
Acidum siilphicricum (U. S., Br.), the so-called C. P. acid, having & 
speoifio gravity of 1.84^, used only in the preparation of other pharma- 
ceutioal preparations; Acidum art/phuricuni dihitian (U. S,, Br.), the last 
mentioned diluted with water to sp, gr. 1,082 U. S., containing 11.9^ . 
SO,H, (sp. gr. 1.094, Br., containiug about 13j^ SO.H,); Ac. sidph. an 
fnaticwn {v. S., Br.), containing aliout the same proportiou of actd t 
the Ac. sulpb. dil., U. S. 

Impurities. — The commercial acid is so charged with foreign sub- 
stances as to render it entirely unfit for medicinal and for any but thu 
coarsest chemical uses. Even the C P. acid is obtained sufficiently free 
from certain impurities for toxicological analysis only with consii' 
difficulty. The principal impurities are the following: lead, recognizable 
by the production of cloudiness when the acid ia diluted with water, 
lead sulphate being leas soluble in dilute than in concentrated acid. 
Potassium sulphate, fraudulently added to increase the specific gravity, 
may be detected by evaporating to dryness. Organic matter, communi- 
cating a dark color to the acid. These impurities do not occur in the 
C. P. acid. An acid to be used in toxicological analysis should respond 
favorably to the following tests: it should be perfectly colorless, even 
after dilution with four volumes of water and treatment with hydrogen sul- 
phide. The residue of its evaporation should be insignificant in quantity; 
and when moistened with a few drops of water, it should give no color 
with solution of potassium ferrocyaiiide. At least two fluid ounces, 
diluted with water, should give no arsenical stain in a Marsh apparatus, 
with pure Einc, during a heating of two hours (see p. 139). Pi 
tain purposes it ts necessary to have an acid free from the oxi 
nitrogen; such an acid cannot be bought, and can only be obtained by 
careful distillation of the purest purchasable acid, to which ammonium 
sulphate has been added, and the collection separately of tliusu parts of 
the distillate which give no color with a solution of brucia. 



Action on the Economy. 

Although it is possible that sulphuric acid, taken in the diluted form 
in sufficient quantity, and during a sufficiently extended period of time, 
may act as a true poison in diminishing or destroying the alkaline reaction 
of the circulating fluids, we have no record of serious cnnsequences 
resulting from its poisonous action. When, however, it comes in con- 
tact witTi any tissue, whether external or internal, in the concentrated or 
even moderately diluted form, it is one of the most active of corrosives; 
and cases are of frequent occurrence in which "death or serious bodily 
harm" bavo resulted from its being taken by suicides, or taken or admin* 
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istered by mistake. It ia rarely admioistered with murderous ioi 
akhough it is very frequently thrown upon the body, with design 
destroy the clothing or disfigure the person. The action of the acid 
to destroy (to disorganize) any organic substance with which '' 
come in contact, and is therefor immediate. The majority of c 
niinato fatally, cither within a few hours, from corrosion and perfc 
of the (Esophagus and stomach; or, exceptionally, from passage of the 
ui^id into the air-passagea, and consequent aaphj'xia ; or, weeks or 
months after the ingestion of the acid, from starvation, due to destruc- 
tion of the mucous surfaces of the alimentary canal, or closure of the 
jiyloric orifice of the stomach (secondary effects, improperly called 
'"chronic poisoning"). 

The treatment consists in neutralizing the acid as ((uickly as possibly, 
by the administration of stacked lime, or preferably, of magnesia, and il 
supplying materials for nutrition per rectum. The administration 
such substances as white of egg, oil, etc., is mere waste of time. 
use of the stomach-pump, when sulphuric acid or any corrosive has 
taken, is liable to make matters worse by perforating the weakened 
of the tesophagus or stomach. 

The detection of sulphuric acid in the body after death is rarely caJl 
for ; when it is, it can only be accomplished by a quantitative analysis. 

Within a few years the practice of " vitriol-tiirowing"ha8 become quite 
prevalent, and the physician may be called upon to state whether stains 
upon the clothing or person are or are not produced by this acid. Fabrics 
moistened by the acid are corroded and fall to pieces readily. If dyed of a 
dark color, a stain is produced which is brick-red when fresh and brown- 
ish when old ; if not too old, it is removed when moistened with ammo- 
nium hydrate, which also removes stains of hydrochloric acid (distinguish- 
able by being of a brighter red), but not those of mtric i ' ' 
brownish yellow in color. 



HypoBulphurous Aoid — S,0,H„ 

ilatud; the corresponding salts, hyposulphites, i 



Pyrogtilphuric Acid. 



I'Uminff sulphuric iicid — NortUutMSfn atdphuyic acid — Disttlphw 
Jiydrate — SjO,!! — contained in the product known as Nordhauseii oil of 
vitriol, obtained by distillation of ferrous sulphate. If the first portions 
<if this distillate be separated, they become solid at the ordinary tem- i 
perature, and by repeated fusions, crystaUisations, and draining of th«« 
crystals, a substance is finally obtained having the above composition, J 
und fusing at 35°. It forms salts called pyrosulphates or disulphates. 

The commercial Xordhausen acid is a brown, oily liquid, fuming wheu 
exposed to the air, solidifying when cooled to 0°, and giving off SO,H 
and SO, when heated. It is used in the arts, in the manufacture of 
certain coloring matters (aliitarin, eosiu), and as a solvent for indigo 
^sulphindigotic acid). 

The scries of thionic acids have as yet only a theoretical i 
Ifithioiiic or h'jposulphuric acid — S,0,H, — is obtained s 
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cal interest* ^^^1 
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Kcid, syrupy liquid, ep. gr. 1.437, hr passing sulphur dioxide through' ^H 
w&ter holding manganese dioxide in suspension, deoomposltjon with ^| 
barium sulphide and sulphuric acid in proper proportion, anil siibst^quent 
concentration in vacuo. 

7W(Aio«ic acid, S,0,Hj — obtained in a very acid, bitter, odorless 
solution by passing sulphur dioxide through a solution of potassium hypo- 
ttulphite, deoom posing the solution of potassium trilhionato, thus formed 
witli tartaric, perchloric, or hydrofluosilioio acid, and concentrating the 
solution in a dry vacuum. 

Telralliionic aciU, S,0,H,— obtained in acid, colorless, odorless solu- 
tion, by decomposing a solution of its barium salt, prepared by the 
action of iodine upon barium hyposulphite. 

PenlcUhionia acid, S,0,H_ — obtained in aqueous solntioti by the 
action of hydrogen sulphide upon solution of sulphurous acid. 

Ckimpounds of Sulphtir, with Chlorine, Bromine, and Iodine. 

There is but one chloride of sulphur, S,C1,, which is formed when dry 
chlorine is passed through an excess of sulphur heated to fusion; the pro- 
duct is purified by redistillation. An oily, yellow fli^id, boiling at 136°, 
having a disagreeable, nauseous odor and fuming when exposed to the 
air. It dissolves sulphur abundantly, and such a solution, mixed with 
benzine or with carbon disulphide, is used in the vulcanization of rubber. 
Other chlorides of sulphur SCI,, and SCI,, have been described, but their 
existence is problematic. 

A single bromide of sulphur, S Br„ is known as a very unstable reJ 
liquid, boiling at 215°, and formed by the action of bromine upon sulphur 
- dioxide in llie presence of phosphorus trichloride. 

An iodide of sulphur, S,I,, is formed as a steel-gray, crystalline mass, 
fusible at G0°, when equivalent quantities of sulphur and iodine are 
gently heated to fusion together, SiUphitris ioiUdum (Vi. S., Dr.), or by 
the action of sulphur chloride upon ethyl iodide. Other ill-defined iodides 
have been described. 



» 



SEIiENIUXI AND TE:IJ,URIUM. 



fklenitim. — Discovered in 1817 by Berzelius; an element existing in 
very small quantities and in limited distribution in combination with sul- 
phur, and Its the selenides of lead, mercury, silver, and copper. It is capa- 
ble of existing in two allotropic forma. In its compounds it closely re- 
sembles sulphur. Neither the element norany of its compounds has been 
utilized in the arts or in medicine. 

Tellurium. — One of the least common of the elements; discovered in 
1783, by MOUer, of Reichenstoin. It exists in nature uncombined, and 
as the tellurides of bismuth, lead, silver, antimony, nickel, and gold. 

It is a solid body, having a metallic lustre, fusible at about 500°, and 
capable of distillation in an atmosphere of hydrogen. In its chemical 
properties and compounds it resembles sulphur and selenium. Its use in 
medioine has been attempted, but abandoned. 
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III. NITROGEN GROUP. 

Nitrogen X 14 

Phosphobus P 31 

Arsenic As 76 

Antimony Sb 128 

The elements of this group are either trivaleut or pentavalent. With 
hydrogen they form non-acid compounds composed of one volume of the 
element in the gaseous state with three volumes of hydrogen, the union 
being attended with a condensation of volume of one-half. Their hydrates 
are acids containing one, two, three, or four atoms of replaceable hydrogen. 

Bismuth, frequently classed in this group, is excluded, owing to the 
existence of the nitrate (NO^),, Bi. The relations existing becween the 
compounds of the elements of this group are shown in the following table : 

NH„ N,0, NO, N,0., NO,, N,0., 

Ammonia. Nitrocren Nitrogen mtrogen Nitrog<on Nitrogen 

monoxide. dioxide. trioxide. tetroxide. pentoxide. 

PH„ P.O., P.O., 

Hydrogen Pho«phoruM PhocpboniB 

phoq;>hide. trioxide. pentoxide. 

AsH„ As,0„ As,0„ 

Hydrogen Arsenic Anenic 

arsenide. trioxide. pento:dde. 

SbH., Sb.O., Sb.O., 

Hydrogen Antimony Antimony 

antimonide. trioxide. pentoxide. 



PO,H„ 

Hypophoephor^ 
oiiBacid. 



PO.H., 

Phoephoroni 
acid. 

A80.H, 

Aneniooa 
acid. 



PO,H., 

Phoepborio 
acid. 

AsO.H,, 

Araenio 
aoid. 

SbO.H., 

Antimonio 
add. 



P,0,H„ 

Pyrophosphorio 
acid. 

A8.0,H„ 

Pyroaraenio 
acid. 

Sb,0,H„ 

Fyroantimonio 
add. 



NO,H, 

Nitric 
add. 

PO.H, 

Metaphosphorio 
acid. 

AsO.H, 

Metarsenio 
add. 

SbO,H, 

Metantimonio 
add. 



NITROGEN. 



N. 



14 



First recognized as the irrespirable constituent of atmospheric air by 
Dr. Rutherford, of Edinburgh, in 1772, and by him called aer mephiticus ; 
subsequently " rediscovered by Scheele and Lavoisier, in 1777, and named 
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azote (& Cui^) by the Utter, a name still ret&incd by French cheiaiats. The 
ii&me nitrogen [vlrpov ycFCtnt) was given subsequently by Chaptal. 

It exists in nature uiiuombined as one of the constituents of atmos- 
pheric air, a,ud iu combination in mineral substances, as well as in some of 
the most important of organic bodies. 

It is usually obtained from Btmospheric air by removal of o-\ygi>n, as 
by burning phosphorus in a limited quantity ot air, or by passing a slow 
current of air over copper heated to redness. As thus obtained, nitrogen 
is contaminated with other constituents of air, carbon dioxide, etc.; to 
obtain it in a state of purity, recourse is had to decomposition of ammo- 
nium hydrate by chlorine gas, care being had, however, that the ammoni- 
aoal compound is always present in exoess, to avoid the formation of the 
highly explosive nitrogen chloride. 

It is a tasteless, odorless, colorless gas, non -combustible, and not a sup- 
porter of combustion ; sp, gr. 0.973A — 14.041H; very sparingly solu- 
ble in water and iu alcohol. 

Nitrogen is very slow to enter into combination with other elements, 
and its compounds, once formed, arc, as a ia\&, very prone to decomposi- 
tion, either sudden with explosion, or gradual by putrefaction. Nitro- 
gen and oxygen are capable of uniting directly under the influence of 
eiectrio discharges. Direct union of nitrogen and hydrogen does not 
take place under ordinary conditions, but does under tlie influence of 
electric discharges, and during the decomposition of organic substances 
containing nitrogen. Nitrogen exerts do poisonous action when inhaled ; 
an animalin an atmosphere of pure nitrogen dies from simple lack o£ 
oxygen. This gas has been put to no use lu the arts, and is used in the 
laboratory only when an alinoaphere poaaeasing the negative qualities of 
nitrogen is desired. 

AtmoBpherlo Air. 

By the alchemists, and until the latter half of the seventeenth cen- 
tury, air was supposed to be an elementary substance, its compound nature 
being first recognized by Mayow in his Tractatua guinque medico-phifsiei, 
published in ltifi9. It was not, however, until 17T0 that Priestley re- 
peated and amplified the researches interrupted by the death of Mayow, 
nearly a century before. Subsequently the labors of Scheele, Lavoisiet, 
and Rutherford added largely to the value of Priestley's and of Mayow's 
diacovericB. 

7^e compontion of atmospheric air, under varying conditions of time, 
location, temperature, pressure, etc., has been the subject of many and ' 
elaborate investigations, which have shown that, notwithstanding the 
faot that air is a mere mechanical mixture, and notwithstanding the ad- 
ditions to and subtractions from its constituent gases, to which it is sub- 
jected by the processes of animal and vegetable life, its composition is 
nearly constant; slight variations only having been observed in thequan-* 
tity of gases present in small amounts. Leaving these out of considera- 
tion, air is composed of ; 



Oxygen , . 

Nitrogen , 



, 20.93 23 

. 79,07 77 



The mean of two hundred and thirty-three analyses by Kegnault, of 
r from different locations, gives as the proportion of oxygen ia volume: 
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s dissolved ^^^| 
ain the aanuj^^^ 



20.95.T; llio extremes he'mg :i0.90S aiiJ 20.999. Wh 
water tlie proportion of its constituent gases does not retnain 
tts woidd be the c&se were it a definite compound ; hut each gas is dii 
solved according to its own solubilitj' in water. As osygeu is more solu- 
ble than nitrogen, dissolved air is richer in the former gas than is that 
existing free. According to Uunaen, water saturated with air at 13° 
■ contains : 



Oxygen 34.73 

Nitrogen 65.37 



1 constituents, 



34.73 ^B 

tains about four to fir^^H 
of water, carbon dioxidw^^^ 
oxides of nitrogen, aiu^^H 

of water in the atmol^^H 
varying distances frot^^^f 
niiletely saturated with 
pheric moisture is either 



Besides these two i 
thousandths of its bulk 
ammoniacal compounds, hydrocarbons, 
solid particles held in suspension. 

^'apor of water. — The proportion of vapor 

[ihere varies greatly at different times, and at 
argo bodies of water, the air being rarely co 
water and never entirely free therefrom. AimO! 
visible, as in fogs, clouds, etc.; or invisible, in solution, as it were. The 
quantity of water which air is capable of thus holding in solution is 
greater at high than at low temperatures and pressures. Any sudden di- 
minution of temperature or pressure of an air holding a large quantity 
of moisture will bring about the condensation of the moisture into drop- 
lets. Dew and hoar-frost are thus produced by diminution of tempera- 
ture during the night. Clouds are formed by the air rising from the sur- 
face, becoming colder in the upper atmospheric layers, and being there 
under less barometric pressure than at the surface, where it has oeoome 
charged with moisture. Frequently also a current of cold air, mixing 
with air that is warmer and charged with moisture, determines the formxn 
tion of clouds or fogs, the latter being simply clouds near the surface, J 
The actual amount of water in air is determined bj- passing a known 
volume of air through tubes filled with some drying agent, such as cal- 
cium chloride, whose incr 
contained in the volume o 
atmosphere varies from thi 
of air; being, as a rule, lei 
latitudes than in the trof 
of large bodies of water; 
less in cleared than 
tains 



of weight represents the weight of water 
r acted upon. The amount of water in the 
to sixteen volumes of vapor per thousand 
n winter than in summer; less in northern 
; less in inland regions than in the vicinity 
at high altitudes than at the sea-level; and 
wooded districts. Near the sea-shore the air con— 
vlien the wind blows from the sea than when ijj 
I blows ill the opposite direction. H 

The degree of dampness of the air does not depend upon the abso^4 
lute quantity of watery vapor which it contains, but upon the propor- 
tion existing between that quantity and the amount of water which the 
air could hold if saturated with moisture at the same temperature and 
pressure; a proportion which is known as the Jraction of saturation of 
the air; or its hygrometric condition, determined by instruments called 
hygrometers, hyffroseo2>es, or psychronieters. While the air in winter is 
usually more damp than in summer, it contains an absolute quantity of 
water, less in the winter than in (he summer; but, being in the former 
season more nearly saturated, its tendency to precipitate the moisture is 
greater; while during the summer months, on the other hand, the air, 
nlthough containingmore aqueous vaporthan in winter, is, at the reigning- 
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temperature, less nearly aaturateJ, and consequently more capable of ex- 
erting a drying influence by taking up a further quantity of water. 

Tbe degree of saturation influences ihe body temperature materially 
by impeding or promoting evaporation from ihe surface, wliit' 
greater the less near the air is to iia point of saturation. Heat is, tl 

■lien the air is luoist tliaa when it is dry. Life may 
[1, maintained at a uiucb hlgber temperature if tbe 



[or, more oppi 
be, for the sai 
air be dry tba 



obarged with vapor of v 
stove o ■ ' 



I heated artificially in winter, the air should be 
rater by placing a pan containing water oi 
r-box of the furnace; for, although the actual amount of 
a not diminished, the degree of saturation is, and the ai 
consequence becomes dry and close unless vapor of water be added- 

Carbon dioxide. — The quantity of almospberio carbon dioxide v 
from three to six parts in ten tliouaand by volume, the average in the 
country being four in ten tliousand. The amount is greater in cities, or 
in the neigliburhood of natural or artificial sources of tTic gus, than in the 
open country; on land greater during the night than during the day. 
At sea t)ie reverse is the case, the diHercnce being due to the removt ' 
of carbon dioxide by plants under the influence of sunlight in the on 
case, and to the gre.ater solubility of the gas in cold than in warm water i 
the second. The quantity is also greater in the atmospheric layei 
nearest the earth than in those at greater elevations (see p. 337). 

Ol/ier tnhataiicea contained in air — Ammoniaeal compounds. — Ai 
containa smiiil quantities of animoniacal suits, carbonate, nitrate, and 
nitrite, the products of the decomposition of animal and vegetable sub- 
stances. Thpy are present in vnry small amount, not exceeding a fev 
inillionths, and are taken up by plants, by which they are assimilated. 
B'requently in cold, dry weather, ammonium nitrate will be found Co. 
densed as a snow-while crust on the sides of ventilators from stable 

HydrQcarhoiia. — In the air of cities undetermined hydrocarbons hai 
been detected to the maximum extent of 0.0001 part by volume. In tbe 
air of swampy places the proportion is greater (see Marsh-gas). 

Nitric and nitrous acids exist in oombiaation, usually with ammonia. 
They are produced either by the oxidation of combustible substances, or 
by direct union of nitrogen with vapor of water under the influence of 
electric discharges. Rain-water falling during thuiider-showew contains 
uomparatively large quantities of ammonium nitrate. 

Solid partielca in suspension in air are exceedingly diverse in their 
nature. Inorganie salts, notably chloride of sodium, are especially abun- 
dant in air in the vicinity of salt water, and rarely is air so free from this 
salt that the flame of a Bunsen burner, when examined spectroscopioally, 
does not show the sodium lines. 

Mimile particles of the most heterogeneous substances float in a 
dust, and become visible in the path of a ray of sunlight. The continued 
inhalation of air containing hirge quantities of such solid particles in 
pension may cause severe pulmonary disorder by mere meohanical ir 
tion, and apart from any poisonous quality in the substance ; such Is the 
case with the air of carpeted bnll-rooms, and of the workshops of certain 
trades, furniture-polishers, metal-fliers, etc. 

Air always contains varying quantities of vegetable germs, to which 
the phenomena of the so-called spontaneous generation are duo, and 
omoeraiug whose action in the propagatioa of disease so much has been 
^— 7 
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written and so little is known. By miasms are understood certain ill-de- 
fined, putrescible, volatile, or solid substances contained in air and evolved 
from unhealthy localities. 

The air of confined spaces in which human beings or animals are re- 
spiring is not only deteriorated by the production of carbon dioxide and 
consumption of oxygen (see p. 240), but also by the discharge into it of 
particles of organic matter prone to putrefaction. These emanations, even 
when derived from healthy persons, soon render the air foul, and their 
removal from spaces in which many people are congregated is one of the 
chief functions of ventilation. 



Azninonia. 

Hydrogen nitride — ^NH,— does not exist as such in nature. 

Obtained by decomposition of ammonium chloride, sulphate, or car- 
bonate, by slightly heating with dry slacked lime. In the laboratory, 
by heating aqua ammonias, and drying the gas by passing it through a tube 
containing quicklime. At ordinary temperatures and pressure it is a 
colorless gas, having a penetrating odor ; irritating to the eyes and air- 
passages ; sp. gr. 0.589 A — 8.5H. ; exceedingly soluble in water, with 
which it enters into combination (see p. 409); at — 40° at the ordinary 
pressure, or at 10° under a pressure of six atmospheres, it forms a color- 
Jess, mobile liquid, which boils at —33.7°; and at —75° forms a colorless, 
transparent, crystalline mass, having but little odor. 

Ammonia is formed with difficulty by the union of its elements (see 
p. 95). When a mixture of hydrogen and one of the oxides of nitrogen 
is passed over heated platinum-sponge, reduction occurs, with formation 
of water and ammonia. If a mixture of sulphuric and. nitric acids in 
proper proportion be poured upon zinc, there is no evolution of gas, 
although the zinc dissolves. In this reaction the hydrogen reduces the 
nitric acid with formation of an ammoniacal compound. 

Most organic substances containing nitrogen yield an ammoniacal 
compound, cither by dry distillation, putrefaction, or the action of vapor 
of water, or of the caustic alkalies. 

Ammonia is decomposed — two volumes yielding one volume of nitrogen 
and three of hydrogen — by being heated to redness, or by the passage of 
the electric spark through it; by chlorine or bromine, with liberation 
of nitrogen (see Nitrogen Chlonde); by iodine with formation of ex- 
plosive compounds of iodine and nitrogen; by the alkaline hypochlorites 
and hypobromites. 

Under ordinary conditions, ammonia is neither a supporter of combus- 
tion nor combustible; it may be made to burn, however, in an atmosphere 
of oxygen, and mixtures of ammonia with oxygen, with nitrogen mon- 
oxide, or with nitrogen dioxide, explode when fired by the passage 
through them of the electric spark. 

Potassium, when heated in an atmosphere of ammonia, replaces an 
atom of hydrogen with formation of potassium amide, KH,N. With 
silver nitrate, ammonia forms two compounds, differing from each other 
in the temperatures at which they are formed, and in the readiness with 
which they give off ammonia. With the acids ammonia unites directly 
to form ammoniacal salts (see p. 408). 

When inhaled, ammonia produces violent irritation of the respiratory 
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orgADs, and a sense of suSocation. Care gIiouUI be had in adniincstering 
the vapor in fainting-fits, etc., as cases are recorded in which death baa 
resulted from llje use of too liberal doses. 



Nitrogen Monoxide. 

JVIft-oiM oxide — Laughing-gas — J^ilrogen protoxide, N,0. — Discov- ' 
cred in 1706, by Priestley; further studied by Sir Humphrey Davy, who 
observed its effects upon the economy when inhaled. 

I^epared by decomposing aniraoaium nitrate by heat: 

NO. (NH,) = N,0-f2H,0. 

If the gaa be desired pure — as it should always be when used as an anseB- 
thetio^-the ammonium salt must be pure and dry, and, especially, fre« 
from chloride, lest the gas be contaminated with chlorine. The salt 
should be heated, not too ((uickly, and the ten][>erature maintained be- ' 
tween 210* and ^50°. Below the lower temperature the decomposition 
does not occur, and the salt sublimes; while, at temperatures above 350% 
nitrogen dioxide and nitrogen trioxjde are also formed. As an additional 
precaution, the gas should be caused to bubble through solutions of 
sodium hydrate and of ferrous sulphate, to arrest any higher oxides of 
nitrogen which may be formed. 

Nitrogen monoxide is a colorless, odorless gas, having a sweetish 
tast«; sp, gr. 1.527A — 89H; somewhat soluble in water, more so in 
alcohoL Under a pressure of thirtv atmospheres at 0°, it forma a colorless, 
mobile liquid, which boils at —S^/J", and solidifies at — lOO''. Tha 
liquelied gas, in suitable wrought-iron vessels, is obtainable from dental 
depots, and is used by dentists as a convenient source of the gas for use 
as an anaesthetic. 

Nitrogen mono^iide is decomposed by a red heat, or by the continued 
passage of the induction spark. It is, after oxygen, the best supporter 
of oombustioa known, being readily decomposed into a mixture of oxygen 
and nitrogen, in which the former gas is in larger proportion than in at- 
mosphcrlo air (3G.3(J per cent, by weight). 

The action of this gas upon the economy is of medical interest,' from 
its use as an anesthetic, and in connection with the history of antesthesia. 
Although, owing to the readiness with which nitrogen monoxide is de- 
composed into its constituent elements, and the nature and relative pro- 
portions of these elements, it is capable of maintaining respiration longer 
than any gas or mixture of gases, except oxygen or air; an animal will 
live for a short time only in an atmosphere of pure nitrons oxide. When 
inhaled diluted with air, it produces the effects first observed by Sir 
Humphrey Davy in 1T0!»: first an exhilaration of spirits, frequently ac- 
companied by laughter, and a tendency to muscular activity, the patient 
sometimes becoming aggressive; afterward there is loss of ooiisciousness 
and complete aniBsthesia. It has been much used, by dentists especially, 
as an anaesthetic in operations of short duration, and in one or two in- 
stanecs nnEesthesin has been maintained by its use for nearly an hour. 

A solution in water under pressure, containing five volumes of the gu, 
ia sometimes used for internal administration. 
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Nitrogen Dioxide. 

Nitric oxide — NO. — Discovered by Hales in 1772. 
JVepared by the action of copper upon nitric acid: 

3Cu-f8NO.H=3 (NO.),Cu-f4H,0-h2NO. 

At first the flask in which the action takes place is filled with brown 
fumes, which gradually disappear; the gas is not collected until it has 
become colorless; the acid used should not be too concentrated, and should 
not be allowed to become heated. 

It is a colorless gas, whose taste and odor are unknown; sp. gr. 
1.039A — 15H; very sparingly soluble in water; more soluble in alcohol. 

When mixed with oxygen or air, it immediately unites with oxygen to 
form the tetroxide, which appears as a reddish brown gas. When passed 
through jBL solution of ferrous sulphate, it is absorbed by the liquid, to 
which it communicates a dark brown or black color. 

Although containing a greater proportion of oxygen than air or nitro- 
gen monoxide, it is not as good a supporter of combustion as either of 
those gases; although phosphorus burns in it brilliantly, and the* alkaline 
metals unite with its oxygen with incandescence when heated in its 
presence. 

Nitrogen Trioxide. 

Nitrous anhydride — N,0,. — A substance not yet isolated in a state 
of purity, the purest yet obtained still containing about five per cent, of the 
tetroxide, from which it is obtained by decomposing with water at a low 
temperature: 

4N0, -f H,0 = 2N0,H -h N,0.. 

At ordinary temperatures it is a gas, whose properties are masked by 
the presence of the tetroxide; below the freezing-point of water it is a 
dark indigo-blue liquid, which, boiling at about 0°, sulEers partial decom- 
position. 

Nitrogen Tetroxide. 

Nitrogen peroxide — Hyponitric acid — Nitrous fumes — NO,. — Formed 
whenever nitrogen trioxide comes in contact with oxygen. More read- 
ily, and in a condition of greater purity, by heating dry lead nitrate to 
redness, when nitrogen tetroxide is given off and lead oxide remains. 

Formed also indirectly when a metal is dissolved in nitric acid; and 
directly when nitric acid is brought in contact with a platinum surface 
heated to redness. 

This substance is remarkable for assuming when pure the three condi- 
tions of matter within a comparatively small range of temperature; above 
22° it is a gas: between that temperature and — 9° it is a liquid; and below 
that a solid. The color of the liquid varies with the temperature, being 
of a light brown color at ordinary temperatures, and darkening as the 
point of solidification is approached. Nitrogen tetroxide is decomposed 
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with formation of a nitritft 



Action on the Hoonomy. 

Tlio brown fumes given ofT during maoy processes, in nhich aitrio 
acid is (lecompoHed, consist largely of nitrogen tetroxidc, and are not 
only <iCuuBtve, but dangerous to life. All such operations, when carried 
on on a small scale, as in ibe laburatory, should be conducted under a 
bood or some other arrangement, by which the fumes are carried into tba 
open air; when, in industrial processes, the volume of gas formed becomes 
such as to be a nuisance when discharg;ed into the air, it should be ab- 
sorbed, either by utilising it in the manufacture of sulphuric acid, or by 
causing it to be absorbed by water or an alkaline solution. 

An atmosphere contaminated with brown fumes is more dangerous 
than one containing chlorine, as the presence of the latter is more imme* 
dtately annoring, while the former only produces its full elTeuts some time 
after inhalation. 

Quite a number of fatal cases are recorded, nsually resulting from the 
spilling of nitric acid and attempts on the part of the victim to pre- 
vent or repair damage caused thereby. At first there is only coughing, 
and it is only two to four hours later that a dilliculty in breathing is felt, 
death occurring in ten to fifteen hours. At the autopsy the lungs are 
found to be extensively disorganized and filled with black fluid. 

Even air contsining small quantities of brown fumes, if breathed for 
a long time, produces chronic disease of the respiratory organs. To pre- 
vent such accidents, thorough ventilation in locations where brown fumes 
are liable to be formed is imperative. In cases of spilling nitric acid, safety 
is to be sought in retreat from the apartment until the fuiues have been 
replaced by pure air from without. 



Nitrogen Pentoxide. 

Nitric anhydrirk, NO,. — Obtained by Dcville, by decomposing dry 
silver nitrate with dry chlorine, the opera.iion being aided by gentle heat, 
ftnd conducted in an apparatus made entirely of glass, with ground joints; 
or, more readily, by the removal of water from fuming nitric acid oy the 
Action of pliosphorua pentoxide. 

It forms prismatic crystals, which fuse at 30°, and boil at 47°. It takes 
up water witn great eagerness, and gives oS white fumes when exposed 
to the air, the result of its combination with water being nitric acid. 
Even wheD kept in sealed tubes at low temperatures, it decomposes slowly 
into oxygen and nitrogen tetroxide, the pressure of the gases formed being 
often sufScient to fracture the glass, although the pentoxide ia not, strictly 
speaking, explosive. The decomposition is hastened by the action of heat 
or of light. Most substances which unite readily with oxygen remove 
that element from the jicntoxide, the 4Dtiuu being attended with the kp- 
peurancc of light and heat. 
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Nitrogen Aoida. 

Three of these are known to exist, either free or in combination: 

Hjponitroafi ftdd, Mitnxui add. Nitric aoid, 

NOH, NO,H, NO,H, 

corresponding to the three oxides, which contain for two atoms of nitro« 
gen an uneven number of atoms of oxygen: 

N.O -hH O=2N0H. 
N,0, + H,0=2N0,H. 
N,0,4-H,0=2NO,iL 

Hyponitrous acidy NOH. — Obtained by E. Divers, in 1871, as its sil- 
ver salt, by the action of nascent hydrogen on sodium nitrate, and precip- 
itation with silver nitrate; and in aqueous solution, by decomposing the 
silver salt with the proper quantity of hydrochloric acid; as yet only of 
theoretical interest. 

Straus (tcidy NO,H. — Although this acid has not yet been isolated 
in a state of purity, there exist, corresponding to it, a series of well-defined 
salts called nitrites^ having the composition NO,M' or (NO,),M". 

Nitrio Aoid. 

Actdum nitricum ( Ul aS., -Br.) — Aqua forth — NO,H. — Known to the 
earlier alchemists as aqua pruna, aquafortis^ or spirits of nitre. Its true 
nature was first recognized by Cavendish, in 1784. It does not exist free 
in nature, but is abundant and widely disseminated in its salts, the nitrates. 

Nitric acid is formed, naturally and artificially, in the process known 
as nitrijication {q. v.), by the decomposition of nitrogenized organic ma- 
terials. It is also formed by the passage of electric discharges through a 
mixture of nitrogen and oxygen, a formation which takes place naturally 
in the atmosphere, to a limited extent. Under certain conditions, it is also 
formed by the action of air upon ammonia, and by the oxidation of nitro- 
gen or of ammonia by ozone. 

The nitric acid used in the arts is, however, exclusively obtained by 
the decomposition of the nitrates of sodium and of potassium by sulphuric 
acid: 

NO,Na -h SO,H, = SO.HNa -h NO,H, 

the decomposition being conducted by the aid of heat in cast-iron vessels, 
from which the vapors are conducted through earthenware bottles in which 
the nitric acid condenses. The acid so formed is still largely charged with 
brown fumes, chlorine, and sulphuric acid, from which it is separated by 
heating to 80°, and by rectification over lead nitrate. 

The pure acid, having the composition NO,H, is a colorless, rather 
heavy liquid; sp. gr. 1.52; boils at 86°; solidifies at —40°; gives off white 
fumes in damp air; has a strong acid taste and reaction, and destroys 
organic matters. The specific gravity and the boiling-point of acids of 
less strength differ with the amount of true nitric acid which they con- 
tain; the following table, partly from Willm's article in Wurtz' "Diet, d, 
Chimie," and partly from Kolb, indicates these variations. 



NITBIO AOID. 



108 



QUANTITY OF TRUE NO,H IN NITRIC ACIDS OF DIFFERENT 

DENSITIES. 



Dtuaity. 


Degree Baom^ 


Per oent. water. 


Per oent. NO,H. 


Boiling-point. 


1.522 


49.3 




100.00 


86'* 


1.486 


46.5 


ii.25 


88.76 


99** 


1.452 


45.0 


22.22 


77.78 


115^ 


1.420 


42.6 


30.00 


70.00 


120** 


1.390 


40.4 


36.36 


63.64 


119** 


1.361 


38.2 


41.67 


58.33 


117° 


1.338 


36.5 


46.16 


53.84 


... 


1.315 


34.5 


50.00 


50.00 


113** 


1.297 


33.2 


53.33 


46.67 


• • • 


1.277 


31.4 


56.25 


43.75 


• • ■ 


1.260 


29.7 


58.82 


41.18 


• • • 


1.245 


28.4 


61.11 


38.89 


• • • 


1.232 


27.2 


63.16 


36.84 


• • • 


1.219 


25.8 


65.00 


35.00 


• • • 


1.207 


24.7 


66.67 


33.33 


108' 


1.197 


23.8 


68.18 


31.82 


• • • 


1.188 


22.9 


69.56 


30.44 


• • • 


1.180 


22.0 


70.83 


29.17 


• • ■ 


1.173 


21.0 


72.00 


28.00 


• • • 


1.166 


20.4 


73.08 


26.92 


• • • 


1.160 


19.9 


74.07 


25.93 


• • • 


1.155 


19.3 


75.00 


25.00 


about 104° 


1.138 


17.6 


77.00 


23.00 


... 


1.120 


15.4 


80.00 


20.00 


... 


1.101 


13.1 


82.56 


17.44 


... 


1.089 


11.8 


85.00 


15.00 


... 


1.068 


9.4 


88.57 


11.43 


... 


1.022 


2.8 


96.00 


4.00 


... 


1.010 


1.4 


98.00 


2.00 


... 



It will be observed that the boilinj^-point at first increases and then dimin- 
ishes with dilution. If a strong acid be distilled, the boiling-point will 
gradually increase until it reaches about 123°, when it will remain con* 
stant, the density of distilled and distillate at this point being about 1.42; 
if, on the other hand, a weaker acid be taken originally, the boiling-point 
will rise until it reaches the same point, where it remains constant. 

If heated to redness, the vapor of nitric acid is decomposed into nitro- 
gen tetroxide, water, and oxygen. The same change takes place when 
the acid is exposed to light and air at ordinary temperatures; it is from 
this cause that nitric acid in partially filled bottles, exposed to the light, 
assumes a yellowish tinge. Nitric acid gives up its oxygen readily, and 
is thus a valuable oxidizing agent. Most of the metalloids are oxidized 
by it, and lower are converted into higher stages of oxidation. It also 
oxidizes many organic substances, and with others forms products o' ••**>- 
stitution. Copper, silver, and mercury are dissolved in nitric a< 
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cially under the influence of heat, with formation of nitrates and evolution 
of nitrogen dioxide, which, combining with atmospheric oxygen, forms 
brown fumes: 

4NO,H+3Ag=3NO.Ag+NO-h2H,0. 

The action between nitric acid and iron is peculiar; a weak acid dissolves 
the metal readily, with evolution of brown fumes; but a strong acid not 
only does not dissolve it, but renders it passive, so that when it is trans- 
ferred from the strong to a weak acid no action takes place until the pas- 
sive condition of the iron is destroyed by touching it with a piece of plati- 
num wire, or by other means. When nitrogen dioxide and nitric acid 
come together they decompose each other, with formation of the tetroxide : 

2NO,H+NO=3NO,+H.O, 

the tetroxide being in turn decomposed, in presence of the water of the 
acid, into nitric acid and the trioxide: 

4NO,-f-H,0=2NO.H-fN,0., . 

the latter being dissolved in the acid, to which it communicates a yellow, 
brown, or green color. An acid so charged with the trioxide, sometimes 
called nitrosonitric acid, is obtained by acting upon nitric acid, with cop- 
per or iron, or preferably, by connecting the terminals of one or more cells 
of a Grove battery, and removing the acid from the porous cup after the 
action has continued for half an hour. 

Nitric acid oxidizes hydrochloric acid when brought in contact with 
it, with liberation of free chlorine or of compounds of chlorine, oxygen, and 
hydrogen. A mixture of three parts of hydrochloric acid with one part 
of nitric acid, both of commercial strength, is a reddish yellow liquid, 
known as aqua regia, which, in the presence of bodies capable of uniting 
with chlorine, is a source of that element in the nascent state. 

Nitric acid occurs in commerce and in pharmacy in the following 
forms : 

Commercial, a yellowish liquid, contaminated with oxides of nitro- 
gen, hydrochloric acid, arsenic and other impurities, should never be 
used medicinally, or for any but rough chemical purposes. It is of two 
strengths; single aquafortis, specific gravity about 1,25, and double aqua 
fortis, specific gravity about 1.4. 

Fuming,— A. reddish yellow fluid, of sp. gr. 1.525, highly charged 
with nitrogen trioxide (and tetroxide ?), more or less free from impurities, 
according to the care exercised in its manufacture. Used as an oxidizing 
agent. 

(7. -P., or chemically pure — perfectly colorless, sp. gr. 1.522. A por- 
tion evaporated on platinum should leave no residue. When diluted 
with two volumes of distilled water it should give no cloudiness with 
barium chloride (sulphuric acid), or with silver nitrate (chlorine). Chloro- 
form, when shaken with the diluted acid, should not be colored, even 
after the addition of a few drops of solution of hydrogen sulphide (iodine). 
Solution of potassium permanganate should not be decolorized when 
added to the dilute acid (oxides of nitrogen). When evaporated over 
the water-bath to small bulk, the residue, diluted with water, should not 
give any colored precipitate when treated with hydrogen sulphide 
(metals). 
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For analytical processes only an acid responding to these teats, or a 
fuming acid responding to all except tlioso for the oxides of nitrogen, 
should be used. Ait impure acid may be purified by distilling and reject- 
ing the first (juarter at its bulk, addling to the remainder excess of silver 
nitrate and barium nitrate, and distilling in an apparatus of glass. 

Acidum nilrioum {V. S., Jir.). — An acid of sp. gr. 1,42, containing 
70^ NO H, and free from impurities other than water, 

Aciauin nilrioum diltUum ( I/. S., Jir.), the last mentioned, diluted 
with water to sp. gr. I.0G8=1I.43;< NO.H (V. X), or sp. gr. 1.101 = 
11Mf( NO,FT {lir.}. 

Nitric aeid should be kept in bottles completely filled and protected 
from the light. 

Analysis — The presence of nitric acid, or of a uitrate, may be detected 
by the (oilowing tests: 

JFTrsC. — Add to the liquid an equal volume of concentrated sulphuric 
acid, cool, float upon the aurCace of the mixture a small quantity of a 
solution of ferrous sulphate; if nitric acid or a nitrate be present, this 
lower layer is after a time colored, beginning at the top, black, brawn, 
or reddish purple, according lo the quantity of acid present. 

Second. — Boil in a test-iube a small quantity of hydrochloric acid 
containing enough solution of sulphindigotio acid to communicate a blue 
color; if now nitric acid or a solution of a nitrate be added, and the mix- 
ture again boiled, the color is discharged. 

Third. — If acid, neutralize with an alkali, evaporate to dryness, add 
to the residue a few drops of sulphuric acid and a crystal of brucia; a red 
color is communicated to the alkaloid by nitric acid. In place of bruciue, 
sulphaniliu acid may be used. 

Jiburt/t. — Heat the suspected solution (to which, in the case of a nitrate, 
concentrated sulphuric acid has been added) with copper turnings in » 
test-tube; if nitric acid be present, brown fumes will appear, best visibU 
by looking into the mouth of the tube. 

All neutral nitrates are soluble in water; some so-called basic salts are 
insoluble, as bismuthyl nitrate, NO, (BiO). 
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Nitric acid cannot be said to be a tr 
the nitrates exert a poisonous ai.'ti'in wli 
seems to be due more to the metal thai 
have also been found to be, although 
couatituents of the 

The acid is, ho 
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) poison, for, although most of 
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to tiie acid radical. Nitrates 
I very small quantity, normal 



of the most powerful of corrosives; any 
es in contact is immediately disintegrated; 
ng to dirty brownish, or, if the action be 
prolonged, an eschar, is formed. When taken internally its corrosive 
action IS the same as that which follows its application to the cutaneous 
■Urfsoe, but, owing to the function of the parts, is followed by more 
■eriouB results. As is the case witii the other mineral acids, it is rarely 
Administered with intent to murder, but is frequently taken by auicides, 
or b^ mistake by children or inebriates. The symptoms following its in- 
gestion are the same as those appearing with the other corrosive acids, 
with the exception that the mouth and any other parts with which the 
acid may have come in contact, as well as shreds of detached mucous. 
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membrane in the vomited matters, are stained yellow, which is not the 
case when sulphuric or hydrochloric acid has been taken. 

The treatment is. the same as in corrosion by sulphuric or hydrochloric 
acid, i, e.y neutralization by magnesia, or, failing that, by alkalies, as 
rapidly as possible, and a subsequent sustaining treatment. 



Ck>mpounds of Nitrogen ivith Elements of the Chlorine Group. 

Nitrogen chloride^ NC1„ obtained by the action of chlorine gas, in 
excess, upon ammonia or upon an ammonium compound, or by the elec- 
trolysis of a strong solution of ammonium chloride; usually, by confining 
chlorine over a solution of ammonium chloride. An oilv, light yellow liquid, 
sp. gr. 1.653; has been distilled at 71°; but when heated to 96% when 
subjected to concussion, or when brought in contact with phosphorus, 
spirits turpentine, alkalies, oils, or grease, etc., it is decomposed into one 
volume of nitrogen and three volumes of chlorine, the decomposition 
being attended with a violent explosion. Owin^ to the force which this 
explosion exerts, great care should be had that the conditions for the for- 
mation of nitrogen chloride should not be fulfilled. If by accident the 
substance be formed, the laboratory should be closed and abandoned for 
a few days, during which the chloride will suffer spontaneous decompo- 
sition. 

Nitrogen bromide — NBr, — has been obtained as a reddish brown, 
syrupy liquid, very volatile, and resembling the chloride in its properties, 
by the action of potassium bromide upon nitrogen chloride. 

Nitrogen iodide^ NX,. — When iodine is brought in contact with ammo- 
nium hydrate solution, a dark brown or black powder, highly explosive 
when dried, is formed. This substance varies in composition according 
to the conditions under which the action occurs; sometimes the iodide 
alone is formed; under other circumstances it is mixed with compounds 
containing nitrogen, iodine, and hydrogen. 
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Discovered in 1669, by Brandt, of Hamburg, while searching for the 
philosopher's stone in urine. Brandt, however, kept his process a secret, 
and the discovery was subsequently repeated by Kunckel and by Boyle. 
In 17(39, Gahn detected its existence in bones, and Scheele suggested a 
process for obtaining it from this source. It does not exist in nature in 
its elementary form, but exclusively in phosphates and in certain organic 
substances. 

Phosphorus is obtained from bone-ash. in which it exists as tricalctc 
phosphate (q, v.)\ this, by treatment with sulphuric acid, is converted 
into the soluble monocalcic phosphate — 

(P0J,Ca,-|-2S0,H,= (P0,).CaH,+2S0,Ca, 

which is separated by solution, decantation, and evaporation, from the calcic 
sulphate. The phosphate is then mixed with about one-fourth its weight 
of powdered charcoal and sand, and dried to such an extent that about five 
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per cent, of 'water is retained. The dried mixture is introduced into clay 
retorts, whose benks dip under water ooiitniiied in a suitable receiver; th 
retorts ars heated, to redtiess at first, and finally to a white heat. Dui 
ing the First portion of tlio heating, the monooaleic phosphate is ooDverted, 
by loss of water, ijilo the uie tap hosp hate — 

(PO.),Can, = (PO,),Ca4-2H,0, 

and thip is in turn reduced by the charcoal, while the silicon dioxide re- 
moves the calcium as silicate: 

2(PO,).Ca-i-2SiO,-)-5C,=2SiO,Ca-|-10CO+P.. 

The crude product bo obtainod is purified either by redistillation, or by 
fusing it under warm water, and oxidizing the impurities with a sinn 
quantity of sulphuric acid and potassium dichromate. Finally, the pho 
phorus is cast into glass moulds, under water. 

Phosphorus exists in two distinct allotropia conditions, whicli differ 
from each other materially in their physical properties, as well as in 
activity of their chemical actions. 

The ordinary variety, also known as white, and formerly as crystolliE- 
kble phosphorus, is that obtained by the process described above. It Is 
a colorless or yellowish, translucid solid, of about the consistency of n 
Below 0" it ia brittle ; it melts at W,Z, and boils at 290" in an atn 
pbere not capable of acting upon it chemically, being converted int 
colorless gas whose specific gravity is 4.3A — 01,1 H. It gives off vapora 
at temperatures below its boiling-point, and when water is boiled upon 
t the aqueous vapors aro charged with iis vapor. The specific gravity of 
ixposcd to t!io air it gives off whit 
ibserved. In the dark it produces i 
irty it owes its name of "light 
water and in alcohol, soluble i 
I, petroleum, ether, and in the fixed and esser 
evaporation leave it in the Cpmi of octahedral 
which latter form it may also be obtained by 
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the solid is 1.S3 at 10°. 

fumes, and the odor 

peculiar pale light, i 
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or dodecahodral crystals, 
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The red variety is obtained from the white by maintaining the latter 
at a temperature of about 250% for thirty-six hours or more, in an atmos- 
phere of carbon dioxide, and washing the residue with carbon disulphide 
as long as anything is dissolved. 

It ia an odorless, tasteless solid, which does not fume when exposed 
to the sir, and is not soluble i[i the solvents of the ordinary variety. It 
color and density de]>end upon the temperature at which it was formed 
it is usually brownish red, and of sp. gr. 2.1, When heated to tin 
temperature of its formation it does not melt, but at a slightly highe 
temperature is converted into the white variety, which either ignites o 
distils according to the conditions under which the conversion occurs 
The red variety may also be obtained in the crystalline fonn, but not as 
readily as while phosphorus. , 

Besides tlicse two forms, there are others which are by some authors 
considered as distinct allotropic varieties. One of these is formed us a 
white crust, when the ordinary phosphorus is exposed, under water 
holding air in solution, to diffuse daylight. Another form, called bh 
phosphorus, is produced when ordinary phosphorus, which has been 
repeatedly distilled, is heated to 70" and cooled suddenly. 
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One of the most prominent properties of phosphorus is the readiness 
with which it unites with oxygen. If ordinary phosphorus be heated in 
contact with air to GO^^ or if it be exposed in a finely divided state to air at 
the ordinary temperature, it ignites and burns with a bright flame, £^^ing 
off dense, white clouds of phosphorus pentoxide ; it may even be burned 
under water heated above its fusing-point, by causing a current of oxy- 
gen to come in contact with it. The readiness with which white phosphorus 
fires, and the serious nature of the burns caused by it (see below), render 
the greatest caution necessary in handling it ; it must always be kept 
under water (it is best to use boiled water and to keep the bottle in the 
dark) ; it should never be brought in contact with the skin except under 
water, and when it is to be cut, this should be done under water. If 
desired in a finely divided condition, it may be fused in warm water 
(water holding urea in solution is better than pure water) and shaken 
until it has solidified by the cooling of the water. 

The red variety does not unite with oxygen so readily, and may be 
kept exposed to the air and handled with impunity. When exposed to 
damp air it oxidizes slowly, but does not become luminous in the dark. 

Either variety unites readily with chlorine, bromine, and iodine, with 
formation of chlorides, bromides and iodides {q. v.) The union of these 
elements with the white variety is attended with the liberation of heat 
and of light. Most other elements are capable of uniting directly with 
phosphorus; hydrogen, nitrogen and carbon arc not. Many salts are re- 
duced by white phosphorus. When immersed in a solution of cupric sul- 
phate tlio surfaces of a fragment of phosphorus became coated with 
metallic copper; in a solution of silver nitrate the surface of the phos- 
phorus becomes blackened by the deposition upon it of the black silver 
phosphide. 

Action on the Economy. 

The two varieties of phosphorus differ from each other in the impor- 
tant particular ttuit, while the red phosphorus is practically inert when 
taken internally — probably owing to its insolubility — and is but little 
liable to give rise to burns, the white variety is actively poisonous, and, 
when ignited in contact with the skin, produces very painful wounds, 
whoso effects are serious beyond what could be expected from the mere 
local injury produced. A burning fragment of white phosphorus adheres 
tenaciously to the skin, into which it burrows in burning. One of the 
products of the combustion is metaphosphoric acid, which, being absorbed, 
gives rise to true poisoning (see p. 115). Cases are not wanting in which 
death has followed burns by phosphorus, of an extent which would not 
be serious if caused by the combustion of other substances. Burns by 
phosphorus should be washed immediately with dilute Javelle water, liq. 
sod. chlorinatfiQ, or solution of chloride of lime. 

When taken internally, pliosphorus (the ordinary variety) is one of 
the most insidious of poisons, and one which, on the continent of Europe, 
has of late years become the favorite agen^ in homicidal poisoning — the 
average number per annum of cases of criminal poisoning by phosphorus 
in Paris being greater than that of cases of the same nature, in which 
arsenic was used. Whether such cases are of frequent or rare occurrence 
in the United States, it is difficult to determine, from the meagre and un- 
reliable statistics at hand. Certain it is that the number of accidental and 
suicidal deaths from phosphorus and '^ rat-poison," noted in the reports 
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of the New York Bo&rd of Health for the past ten years, woald indicate 
that the tosio nature of these substances is not unknown among our popu- 
lation. 

The Bubstanoes generally used are match -heads, or "rat's bane" — the 
former being in the ordinary sulphur match, a mixture of potassium 
chloride, very fine sand, phosphorus, and a coloring matter, Prussian blue 
or vermilion ; and the latter a paste of flour oliarged with phosphorus. 
It is not improbable thnt the reaently introduoed medicinal preparations 
of phosphorus may produce fatal poisoning in the future. Tlie symptoms 
I phosphorus-poisoning appear with greater or less rapidity, a 
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doing well, until suddenly jaundice maki 
by retention of urine, and frequently deli: 
death. 

There is no known chemical antidote to phosphorus ; tho treatment 
is, therefor, limited to the removal of the unabsorbed portions of the 
poison by the action of an emetic, zino sulphate or apoQiorphia, as enpe- 
ditiously as possible, and the administration of oil o( turpentine — the 
older the oil tho better— as a physiological antidote. The use of fined 
oils or fats is to be avoided, as they favor the absorption of the poison 
by their solvent action. The prognosis is very unfavorable. 

As commercial phosphorus is usually contaminated with arsenic, tho 
effects of the latter substance may also appear in poisoning by the former. 

Anaiysi*. — When, after a death supposed to be caused by phos- 
phorus, chemical evidence of the eilstence of the poison in the body, etc., 
is desired, the investigation must bo made as soon after death as possi- 
ble, for the reason that the element Is rapidly oxidized, and the detection of 
the higher stages of oxidation of phosphorus is of no value as evidence of 
the administration of the element, because they are normal constituents 
of the body and of the food. 

The detection of elementary phosphorus in a systematic toxicological 
analysis is connected with that of prussic acid, alcohol, ether, chloroform, 
»nd other volatile poisons. The method adopted should be a combination 
of the processes of Mitschcrlich, Blondlot, and Ncubauer and Frezenius. 
Mitscherlich's process would be sufficient of itself were it not that the 
power of phosphorescence of phosphorus is held in abeyance by the 
presence of alcohol or ether, and is permanently destroyed by admixture 
of oil of turpentine, the last-named substance being one which is very 
liable to be mixed with the contents of the stomach, if the case have been 
reaogniied as one of phosphorus-poisoning before death. 

The substances to be examined, usually the contents of the stomach 
(the other volatile poisons should be looked for first in tho lungs), are 
diluted with water, acidulated with sulphuric acid, and heated in a flask 
ind-balh. The flask is connected by a perforated cork and a 
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suitable receiver, while through the entire apparatus a current of carbon 
dioxide is made to pass. The odor of the distillate is not^^d. If phos- 
phorus be present, it is usually garlicky. The condenser is also observed. 
If at the point of greatest condensation a faint, luminous ring be observed 
(in the absence of aU reflections), it is proof positive of the presence of 
unoxidized phosphorus; the absence, however, of that poison is not to be 
inferred from the absence of the luminous ring. If this fail to appear 
when one- third the fluid contents of the flask have passed over, the re- 
ceiver is removed (its contents being reserved for the detection of the 
more volatile poisons), and in its place are arranged two V-tubes, or a 
Liebig's bulb-tube filled with netUral solution of silver nitrate. If phos- 
phorus be present, either in its own form or in its lower stages of oxida- 
tion, a black deposit of silver phosphide is formed; if no blacketiing 
of the silver solution occur, the absence of phosphorus may be inferred. 
If blackening have occurred, the deposit is introduced into the generator 
of an apparatus furnishing pure hydrogen (see Zinc), which, after drying 
over«3u]phuric acid, is burned as it issues from a platinum jet. If the black 
deposit be silver phosphide, the inner portion of the flame will be bright 
green, and will exhibit the characteristic green linos of phosphorus when 
examined spectroscopically. 

Chronic poisoning bi/ phosphortcs. — This form of poisoning, also known 
as the Lucifer disease, occurs among operatives engaged in the dipping, 
drying, and packing of phosphcrus matches. Sickly women and children 
are most subject to it. Workmen in factories where the element itself 
is produced are not affected. The cause of the disorder is variously 
ascribed to the contamination of phosphorus with arsenic, and to the 
presence in the atmosphere of oxides of phosphorus and ozone. The prog- 
ress of the disease is slow, and its most prominent and culminating mani- 
festation is the destruction of one or both maxilla) bv necrosis. 

The frequency of the disease may be in some degree diminished by 
maintaining a thorough ventilation of the shops, by frequently washing 
the face and rinsing the mouth with a weak solution of sodium carbonate, 
and by exposing oil of turpentine in saucers in the workshops. By none 
of these methods, however, will the prevention of the disease be perfect — 
a result which can only be attained by abandoning the use of white 
phosphorus, for the manufacture of matches, entirely. The increased 
cost of red phosphorus is of no weight against the advantages of prevent- 
ing this fearful disease, and at the same time removing from the reach 
of the poisoner one of the most potent and easily obtained of toxic agents. 



Hydrogen Phosphides. 

There exist no less than three compounds of hydrogen and phospho- 
rus, of which the most important is the one corresponding in composi- 
tion to ammonia. 

Gaseotis hydrogen phosphide — Phosphonia — Phosphamine — ^PH, — a 
gaseous substance, two volumes of which contain half a volume of vapor 
of phosphorus and three volumes of hydrogen. 

It is formed in a number of reactions, but can only be obtained in a 
state of purity by the decomposition of phosphonium iodide, PH^I> by 
water, or by solutions of the alkalies. As thus obtained, it is a colorless 
gas, having a strong alliaceous odor, very sparingly soluble in water ; 
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sp. gr. 1.134A — 17.5H, It fires at about 70°, or on contact tvith fum- 
ing nitric acid, chlorine, bromine, or iodine. 

The methods usually employed for obtaining the gas are, by heatins^ 
phosphorus with a strong solution of potassium hydrate, or with thick 
milk of lime ; or by decomposing calcium phosphide by water. When 
prepared by these methods the gas differs from the pure substance, in 
that as each bubble comes in contact with air it takes hre spontaneously, 
with the formation of a white ring of phosphorus pentoxidc; this property 
it owes to the presence of traces of another compound (see below). 

The impure gas is also formed during the putrefaction of organic sub- 
stances containing phosphorus. The natural phenomenon of ignis fatuus, 
or Will o' the Wisp, is probably due to such a formation of hydrogen 
phosphide. ^ 

The gas is highly poisonous, even when the air contains less than one 
per cent. Its poisonous action is due to its oxidation at the expense of 
the blood-coloring matter, whose destruction produces death by asphyxia. 
After death the blood is found to be dark, to have a violet tinge, and to 
have, in a great measure, lost its capacity for absorbing oxygen. 

Zriquid hydrogen phosphide — P,H^ — is the substance whose vapor 
communicates to PH, its property of spontaneously igniting on contact 
with air. It may be obtained by passing the gas, obtained by the decom- 
position of calcium phosphide by water, through a bulb-tube enclosed in 
a freezing mixture. 

It is a colorless, heavy liquid, readily decomposable at a temperature 
of 30°, and by other influences which also destroy the spontaneous in- 
flammability of the gaseous product. 

Solid hydrogen phosphide — P^H,. — A yellow solid, formed by the de- 
composition of P,H^, under the influence of sunlight. It is not phos- 
phorescent, and only ignites when heated to 160°. 



Oxides of Phosphorus. 

These are two in number: 

Phosphorus trioxide PjO«- 

Phosphorus pentoxidc Pj^** 

Phosphorus trioxide — Phosphorus an/iydride — ^P,0, — is formed, as a 
white solid, when phosphorus is burned in a limited supply of dry air or 
oxygen. When exposed to moist air it is fired by the neat developed by 
its union with water to form phosphorous acid. 

Phosphorus pentoxide — Phosphoric anhydride — P,0^ — is formed 
whenever phosphorus is caused to burn, in the absence of water, and in 
the presence of an excess of oxygen. It is a white, flocculent solid, which 
exhibits almost as great a tendency to unite with water as does the lower 
stage of oxidation. 

\Vhen exposed to the air it absorbs moisture rapidly, with liberation 
of heat and formation of a highly acid liquid, which does not contain or- 
thophosphorio acid, as we should expect from analogy, but metaphosphorio 
acid (q. v,). It ia frequently used in the laboratory as a very energetic 
drying agent. 
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Hrpophoipboirws acid PO,H^ 

pLosphoroofl acid PO,H^ 

Ortnopho«pboric acid PO^H^ 

Prropixoipljoric acid P^O.H^ 

MetapbospLoric acid ? Pl.>,H. 

The baaicitj of these acids is also of interest. WhCe PO,H is mono- 
\jimMu:^ and F^O^H^ is tetrabasic, all of their hydrogen atoms being* replaoe- 
M\,lf: — tii^ oth^r three, although each containing three atoms of hydrogen, 
nry \ii i/7L»icity: l^jji^ is monobasic; PO,H^ dibasic: andPO^H^ tribasic 



Hyi>ophosphoroti8 Acdd — ^PO^H^ 

1 4 obtained] as a strongly acM, colorless, syrwpv liquid, bj decomposing 
it* \fiknnTn sftU with an equivalent quantity of sulphuric acid, filtering 
ari'i *.fjt^<:*zulT^uu'j^ the solution. It may also, with proper precautions, 
h<; obtairi'rd in th^; crystalline form. It is quite unstable, and, when ex- 
\0(f%^A to the air, is oxidized into a mixture of phosphorous and phosphoric 
n*:\iU, Jt» jtalts are more stable, and some are used in medicine; thev hare 
the cornjK^ition 10,11,31' or (PO,II,),M". 



Phosphorous Acid — PO.H,, 

i 4 \ff'%i prepared by the decom{K>sition of phosphorus trichloride by 
water, a/;eordin^ to tl.e equation: 

PCI. -h 311,0 =po,n,-f3nci. 



The hydrochloric acid formed is driven off by evaporation and by ex- 
jioHure over fjuicklime. The product is finally concentrated over sulphuric 
Aeid. It Im also formed by exploding a mixture of phosphonia and oxygen, 
if I the projiortion of two volumes of the former to three volumes of the 
latter. It in a syrupy and highly acid liquid, readily decomposable by 
lie/it. It is an energetic reducing agent, taking up oxygen to form 
phosphoric acid. It forms salts called phosphiteSy whose composition is 
I'O.II.M'II, PO.IIM',, or PO,IIM". 

It has been stated that this acid is formed in concentrated aqueous 
solution, when phosphorus is exposed to the slow action of moist air; but 
from the recent researches of P. Salzcr it would seem that the solution 
so obtained contains a new acid, which he calls hypophosphorio acid, and 
to which ho ascribes the formula PO,II,(?). 



PVUOPUOSPHOKIC Aom. 



OrthophoBphorlo AJoiA. 
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Common, ur tribatic phosphoric aiu<f, PO,H,, — This acid, ulthough 
not existing free, is widely disseminated in the three kingdoms of nature 

' in its salts, the phos^ihateB. 

I It is usually obljkined by tho oxidation of phosphorus by dilute nitrio 

acid, under the influence of heat. The action is liable to become violent, 
and the process should always be conducted v 

best to use the red phosphorus in place of tha ordinary variety. This is 
the process adopted ^with subaeqiieut dilution) in the United States and 
British Pharmacoposias, to obtain the Acid, p/ionp/i. dilutum (see Meta- 
phosphoric Acid), enough nitrio acid being used to oxidize the phos- 
phorus completely, and the excess being driven off by heat. The stren^h 
of the United States preparation is 10.21 per cent., PO,H,; sp. gr., 
1.0S6; that of the British U.42 per cent., PO.H.; sp. gr., 1.08. 

In the arts phosphoric acid is now usually obtained directly from bone 
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ash, by converting the calcii 
or barium phosphate; the ir 
posed by hydrogen sulphide 
proper proportion in the secona. 

It is also formed in other reactions, as by passing chlor 
phorus melted under water, when phosphorus pentachlorido i 
and immediately decomposed into phosphoric and hydrochloric a 
latter is removed by evaporation. 

The concentrated acid usually is a colorless, transparent, syrupy fluid, 
which still contains water, and, by exposure over sulphuric acid, yields 
the pure acid in the form of transparent, prismatic crystals, which, on 
exposure to air, rapidly deliquesce, forming a highly acid, syrupy eoluiion. 

For the action of heat on this acid, see below ; for tests (see p. 114). 
It forms many salts, whose composition is: PO.H.M'; PO.HM' ; PO M' ; 
(POJ.M".; {PO,H),M",; (PO.H,),M"; or PO.M'M". 

Phosphoric acid made from arsenical phosphorus (commercial phos- 
phorus ia usually arsenical), is contaminated with arsenic trioxido, whoso 
presence may be recoguJEed by the application of Marsh's test (p. IS!)) 
to the aqueous solution. The aqueous acid should, on evaporation, leave 
no residue ; and should not respond to the indigo or tcrrous sulphate 
testa for nitric acid. 



PyrophoBphorio Aold — P,0,H,. 

When orthophosphoric acid (hydrodisodic phosphate) is maintained 
for some time at a temperature of 213", two of its molecules unite, 
with loss of the elements of one molecule of water, to form a new acid — 
pyrophosphoric acid, so called from its igneous origin: 

2P0.H,=P.0,Hf-|-H,0. 

The acid is obtained free as a transparent, vitreous, semi-orystallinc, 
»oft mass, by decomposing its lead salt with hydrogen sulphide, filtering 
and concentrating the filtrate. It is tetrabasic. 
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Metaphosphorio Aoid. 



Glacinl phogpliorio arul, PO,H. — This acid, wbnse compositioi 
Btmilar U> tha,t of nitric aoid, is formed by the aetiou of heat, npproachini 
redness, on either ortho- or pyrophosphonc HOid. In either cose tl 
loss of the elements of a. taolecufe of water : 



It is usually obtained directly from bone-ash, whose oalcium pho»- 
ph&te is first converted into ammonium phosphate, which is then sub- 
jected to a red heat. This is the process adopted by the United States 
Pharmacopoeia in obtaining the Acid, phosphorii-uin gUunale (see p. 115). 

It appears as a white, glassy, transparent solid, odorless, and faavia^ 
a sour taste. Slowly deliquescent when exposed to the air, it is veiy 
soluble in water, tiie solution taking place quite slowly, and being ao' 3 
oompanied by a peculiar crackling sound at intervals. 



Analytical Gharaoters of the Phosphoric Aoids. 

The three acids, PO.U,, P,0,H„ and PO,H, although closely related J 
and all derived from the oxide P,0^, diScr materially in their properties 
and may, id solution of the free acids or of their Halts, be distinguishec 
from each other by the foUowiug reactions : 

Orthophoapborio aoid. PTTophoaphoric add. Metaphoapborlc kcid. 

IPitA AmmDiiiaml Sdution of ^ver NitraU. 
A yellow precipilato. A white precipitate. A white proiiipitate. 

With Solution of AOitanen, 
No effect. No effect. Coapilaiion. 

With SotuHon of Ammoaium MolybdaU in mtrie Arid. 
A J'gUdw precipitate. No eSeat. No efleoC. 

With Solulion of 3fai/naitim Sulp/iate in the Pretenct of AmimiUum Ohlmid 

Hydrate. 

Awhite, cryataJlinepreoild- A white pteoipitato ; solu- No effect; or a precipitate 
tate; insoluble in ammo- ble in eioeas ol pboB- solublD in amiuotiiain ohlo- 
nium bjdratfl. nearlv so phate oe of magneeium ride. I 

in ammoDiam chloride ; aolpbate. > 

■olubte in acids. ■ 

The last two reactions are cuiiy of value in tho absence of arsenic acid. 
The quantitative determination of phosphoric acid is always a tedious 



and delicate operation, and a discuHsion of the various methods proi 
would fill a volume. With the simple statement that the aoid is finallj 
weighed OS uranium or magnesium phosphate, the reader is referred 
the works on analytical chemistry. 
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OOUPOUNDS OF PUOSFHORCS AND SDLPHUB. 



Action on the Economy. 

Although the salts of orthopliusphorio acid are important constitueots 
of animal tissues, and give rise, wlien taken internally iu reasonable doses, 
to Qo untoward symptoms; and although the acid itself, when ingested, 
may act deleterioualy purely by virtue of its acid reaction, the recent re- 
searches of Gamgee, Priestley, and Lartnuth, have shawn that meta- and 
pyrophosphoric acids, even when taken in the form of neutral salts, ha 
u distinct action (the pyro being the more active) upon the motor ganglia 
of the heart, producing diminution of the blood-preasure, and, in compara- 
tively small doses, death from cessation of the heart's action. The dis- 
tinction between the glacial and dilute acids of the United States Phur- 
luacopcnia becomes of importance in view of these facts. 

Compounds of Phosphorus T^th Moments of the Chlorine Group, 

The compounds of phosphorus and chlorine are three in number: 
PCI PCI andPOCI,. 

l'ho»phoriis trichloride — PCI, — is prepared by passing vapor of phos- 
phorus over mercuric chloride; or, preferably, by passing a slow current 
of dry chlorine over phosphorus, and purifying by distillation. 

It is a colorless liquid; sp. gr. 1.01; has an Irritating odor; fumes 
the air; boils at 76°. On contact with water it is decomposed, with for- 
mation of phosphorous and hydrochloric acids. . It is a very valuable 
reagent in organic chemistry. 

PhoKpho-riis pe7itaclUoride^PC\^ — ia formed by the action of an 
cess of chlorine upon phosphorus, or upon the trichloride. 

It occurs in light yellow crystals, having a powerful odor, giving off 
irritating vapors, and distilling at about 145°. At higher temperatures 
it is decomposed into POI -(-Clj. With a small quantity of water it * 
forms the ozychloride, POCl,, and hydrochloric acid; with a large quan- 
tity, phosphoric and hydrochloric acids. Is useful as a reagent in organie 
chemistry. 

Phosphorus oxycldoride — POCl, — is formed by the action of a limited 
<|uantity of water on the pentachloride. It is a colorless liquid; sp. gr 
1.7; boils at 110''; eolidifies at —10°; and has a pungent odor. Use; tnt 
same as that of the other chlorides. 

With bromine, phosphorus forms compounds simiUr in composition 
and properties to the chlorine compounds. 

With iodine, it forms two compounds, PI, and PI„ both solid, crystal- 
line bodies, obtained by the direct union of their elements, and botn de 
composed, on contact with water, into hydriodio and phosphorous acids. 

TvfoJtuoridM of phosphorus, PF, and PF„ are also known — the former 
liquid, the second gaseous. 

Compounds of Phosphorus and Sulphur, 

No less than six compounds of these elements have been described, 
having the formulfe : P.S, P.S, P S„ P,S , P,S., P,S„. Two of these, P,S, 
and P,S„ correspond to the oxides. Although of great interest in con- 
neotion with theoretioal chemistry, they are not of medical interest. 
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GENEBAL MEDICAL CHEMISTRY. 



Arsenicum As., 



Compounds of arsenic, notably the sulphides, were known to the aj^ 
cienis, &nd the element itself to the alchemists ss early as ihe fourth cen- 
tury, when Geber makes mention of it. 

Arsenic occurs in nature in the form of metallic arsenides, but princi- 
pally as the sulphides, orpimcnt and realgar, arid in arsenical iron pyrites, 
or niispickel, the last-named mineral being one of the chief sources from 
which it and its compounds are industrially obtained. It is also found in 
the elementary form in small quantities, and distributed in a vast number 
of other substances in quantities which, if not large, are sufficiently so to 
become a serious inconvenience to the toxicolo^st. 

It is obtained for use in the arts, either by calcining miapickel and 
oondenaing the volatilixed arsenic in iron tubes, or by heating; a mixture 
of arsenious oxide and charcoal, when the former is reduced and element* 
vy arsenie distils over. ■ 

It is a brittle, tight steel-graj' solid, having a metallic lustre; sp. gt^U 
5.75. When heated under the ordinary pressure, and without contact | 
with air, it volatilizes without previous fusion. Under strong pressure it 
liquefies at a red heat. The density of its vapor is 10.2A— I47.3H at 
560°; 10.6A — 153H at 800°. Its vapor is yellowish, and has the odor of 
garlic, which is probably developed during oxidaiion. It is insoluble in 
water and in other liquids which do not act upon it chemically (see p. 133). 

When heated in air, arsenic is rapidly osidised to arsenic trio^ide, 
aud ignites at somewhat below a red heat. In oxygen it burns with a 
brilliant white light, having a bluish tinge. In dry air it is not altered, 
but when exposed to damp air its surface rapidly becomes tarnished by 
oxidation. Its oxidation is attended by the development of an alliace- 
ous odor. In water it is slowly oxidized, a portion of the oxide formed 
dissolving in the water. It unites readily with chlorine, bromine, iodine, 
sulphur, and most of the metals. With hydrogen it only combines when 
that element is in the nascent state. Sulphuric acid, when warm and 
concentrated, is decomposed by arsenic with formation of sulphur ili- 
'3 trioxide, and water. Nitric acid is readily decomposed. 



giving up its oxygen to the formation of arsenic acid. 

With hydrochloric acid, aided by heat, arsenic trichloride is formed. 
Arsenic is oxidized by fusion with potassium hydrate, hydrogen is given 
off, and a mixture of arsenite and arsenide of potassium remains, which, 
by increase of temperature, is converted into arsenic and potassium 
arsenate, the former of which volatilizes, and the latter remains. 

Arsenic is used in the arts to some extent in pyrotoohny, entering 
into the composition of the Bengal light (which should, therefor, only be 
used in the open air), in the manufacture of shot, and nf lly-poison, and 
as a medicine in veterinary practice. It is poisonous (see p. I'i5). 

Compounds of Araenlo "with Hydros^ii- ^M 

Two of these arc known, one gaseous, the other solid. ' 

Hydrogen araenide, arst?iiurettedh;/drogcii, arscniu, oraenamine, AsH, 
— a compound whose composition is similar to that of ammonia and the 
corresponding phosphorus compound, and one which is ot great practical 
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as well as theoretical interest. It does not exist tu aaturc, and was dis- 
covered by Sclieele. 

Il is formed; Mrsl. — By the aotioH of water upoci an alloy, obtained 
by fusing together a mixture of two parts of natural sulphide of anti- 
mony, two parts of creaui of tartar, and one part of arsenio trioxide. 

iSecond. — By the decomposition of the arsenides of zino and tin (as 
well B9 of other arsenides) by dilute hydrochloric or sulphuric acid, 

77tird. — Whenever a reducible compound of arsenic is iu the pres- 
ence of naacent hydrogen: 

A8,0, + CSO.H,+(iZn^GSO,Zn-|-3II,0-!-2AsH,. 

This reaction ia utilized in Marsh's test (see p. 12!!). 

Fourth. — By the action of water upon the arsenides of the alkaline 
metals: 

A8Na,+aH,0=3NaHO+AaH,. 

flflh. — By the combined action of moisture, air, and organic matter 
upon arsenical pigments (see p. 125). It is a colorless gas, having a 
strong alliaceous odor, soluble in five volumes of water free from air. 
Condenses to a. mobile fluid at — iO°, does not solidify at —110°; sp, gr. 
2.695A— 38.016H. 

It is not liable to spontaneous decomposition, but, in contact with air 
or oxvgen, and moisture, its hydrogen is slowly removed by oxidation, 
and elementary arsenic is deposited. It ia also decomposed into il8 
elements by the passage through it of the luminous eleotric discharge. 
A mixture of dry oxygen and hydrogen arsenide remains such under 
ordinary circumstances, but, upon heating it, it explodes with formation 
of arsenic trioxide and water, three volumes of oxygea oxidiziiig two of 
the arsenical gas: 

2AsH,-|-30,=Ab,0,h-3H,0, 

With a quantitjr of oxygen leas than that indicated in the equation, 
elementary arsenic is deposited. 

If the gas be ignited as il issues from a jet, it bums with a greenish 
flame, from which rises a white cloud of arsenic trioxide ; if, however, the 
flame be cooled by the introduction of a cold body, the hydrogen is alone 
oxidized, the arsenic being deposited on the cold surface in its elementary 
form. If the gas bo heated to redness as it passes through a glass tube, 
it ia decomposed in whole or in part, hydrogen passing on and the arsenic 
bfting deposited. If hydrogen arsenide be caused to bubble through a 
solution of silver nitrate, that salt is decomposed ; elementary silver sepa- 
rates as a black powder, and the solution contains arsenic trioxide. The 
last three reactions are utilized in Marsh's test {q. «,), 

Chlorine decomposes the gas with great energy — the action, which ia 
attended with connderable danger to the operator, being accompanied iijr 
«ii explosion, and the formation of hydrochloric acid and arsenic tri- 
chloride. Bromine and iodine act in a similar manner, but less violently. 

If hydrogen arsenide be passed over solid potassium hydrate, it in 
partially decomposed, the potash being coated with a blackisn deposit of 
what would acem to be elementary arsenic. 

All oxidizing agents decompose the gas readily, water and a 
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trioside being formed br the Action of the less active oxidants, and « 
and arsenic acid by that of the more active. 

The allcalioe hydrates absorb the gas, hydrogen is given off, and 
potasAium araenlte remains in solution. Many metallic elements, when 
heated in an atmosphere of hydrogen arsenide, decompose it with forma- 
tion of a metallic arsenide, and liberation of hydrogen. 

Although hydrogen arsenide and hydrogen sulphide decompose each 
other to a great extent, with separation of arsenic iHsulphide, the re- 
searches of Kubel, Meyers, and Otto have shown that the former gas is 
capable of existing, to some extent at least, in the presence of the latter; 
a fact which renders it necessary to use the greatest caution, in obtaining 
hydrogen sulphide for toxicological purposes, to use materials free from 
arsenic. 

Arseniuretted hydrogen is exceeding poisonous (see p. 135). 

lk>lid hydrogen arsenide. — The probable composition of this bodi 
Ab,B. It is a red-brown powder, insoluble in water and in alcohoL 1 
only interest attaching to it is in connection with Marsh's test, in whiob 
care should be had to avoid the conditions under which it is formed. This 
may be done by carefully preventing the presence of any nitrate, and by 
moistening the zinc with a dilute solution of platinum chloride, which 
should be removed, and the zinc washed with pure water before the ap] 
ratuB ia mounted (see p. 129). 



Compounds of Arsenic and Oxygen. 

Only two of these aro known with certainty : they are the trioxidd 
ABjO,, and the pentoxide, As,0^ corresponding to the similar pho( 
phorus compounds. It is probable that the gray substance, formed I 
the action of moist air and of water upon elementary arsenic, is ■ 
oxide than either of the above, possibly AsjO, 

Arsenio Trioxide. 

Araenioiu anhydride — Wliitearsenie — Arsenic — Arsetiiousacid — Act- 
dum ar»eniosum (U. S., Br.) — As,0,, — This substance does not exist in 
nature, but is manufactured in large quantities industrially, either aa a dis- 
tinct product, by roasting mispickel, oras an incidental product in working 
the ores of cobalt and nickel. In either case the vapors are conducted 
into suitable condensing-chambers, where the solid trioxide ia deposited 
aa a white, crystalline powder, known in the arts aajtovr of arsenie. From 
time to time this is removed (an operation attended with no little danger 
to the workman employed), and purified by a second sublimation. It 
sometimes occurs in this last process that, owing to the presence of ele- 
mentary arsenic, the iron pot in which the impure white arsenic is heated 
is perforated, and the contents, llowing into the fire, are volatilized into 
the air of the workshop, with fatal results. 'm 

Arsenio trioxide is capable of existing, and occurs in commerce, iifcfl 
two distinct allotropic conditions : crystal/izcd or "poxedered" and wtft»-J 
oiM, When freshly resublimed, it appears in colorless or faintly yellow, W 
transparent, vitreous masses, having no visible crystalline structura. J 
Shortly, however, these masses become opaque upon the surface, anOr 
present the appearance of porcelain ; this change, which is due to th^j 
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c form, gradually and slowly progresses 
whicli, however, reiDsins vitreous for a 
loDg time. The change is attended by the slow liberation of best, and, if 
it be made to take place more rapidly, a faint light is visible in obsourity. 
Whenever araemo trioxide is sublimed, if the vapors be condensed upon 
« oool surface, it is deposited in the form of brilliant octahedral crystals, 
which are larger and more perfect the nearer the tempemturc of the 
condensing surface^ to 180°, Tho crystalline variety may be converted 
into the vitreous by keeping it for some time at a temperature near its 
point of volatilization. 

The taste of arsenic trioxide is at first faintly sweet, afterward acrid, 
metallic, and nauseating. It is odorless; in aqueous solution (see below) 
it has a faintly acid reaction. The epecifii^ gTiivity of the vitreous variety 
is 3.6S9; that of the crystalline, 3.785. 

The solubility of this substance in water and in other fluids has been 
the subject of many investigations. In pure water, arsenic trioxide dis- 
solves as arsenious acid (q. v.); the amount dissolved depends upon the 
temperature, the method of making the solution, and the nature of the 
oxide. Thus, Busny found that water at 13° is capable of dissolving forty 
grams of the vitreous oxide, but only twelve to thirteen grams of the 
crystalline to the litre ; he found also that, by prolonged boiling with 
water, the crystalline variety Is converted into the vitreous, or, at all 
events, the solubility of the two varieties becomes the same — one hundred 
and ten grams to the litre of boiling water. According to Taylor, cold 
water dissolves from one to two grama per litre only; boiling water, when 
poured upon the oxide and allowed to cool, dissolves 2.6 parts in one 
thousand; and water boiled upon the oslde, twenty-live parts per one 
thousand. These results are probably too low, although those for cold 
water agree well with the figures given by Woodman and Tidy, which 
represent the latest experimenta upon the subject, and are given below: 







Oiaqtulunn. 


p™h^«uu« 


1,000 parte of cold distilled water, after 
Btanding S4 hours, dissolwd 

1,000 pBrtH of boiling water poured oa 
tlie oxide, and allowed to ataud for 


1.74 parte. 
10.13 parts. 

M.S parti. 


l.lQparta. 
0.4 pMis. 

76. S parte. 


2.0 parte. 
IS. parts. 

87.0 parte. 


1,000 parts of water boiled lor one hour, 
(be qnantity beioR Itapt unifocm bj 
the additioQ of boiling water from 
time to time, and Bttered immedi- 





These results for boiling water agree better with those of Bussy than 
with those of Taylor. 

The solution of the crystallized oxide in cold water is always very 
■low (the vitreous oside dissolves more rapidly), and continues for a lon^ 
time. If white arsenic be thrown upon cold water, only a portion of it 
sinks, the remainder floating upon the surface, notwithstanding its high 
specific gravity. This is due to a repulsion o( the water from the su 
faces of the crystals, which also accounts, to some extent at least, for il 
alow solution. Even after several days cold water does not dissolv^^^ 
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the oxido nitb nltich it is in contact. Gmelin fa&s sliowii thai if one part 
of oxide be digested wiili eighty parts of walcr, at ordinary tciuperaiures 
for several days, the resulting solution uontains ^6 t with iCO parlB w««fc 
i-|y ; with 240 parts, j^ ; with 1,000 paru wattr, yi'inr ; si'id that, bv» 
^vheii 1C,000 or 100,000 parts of water are used, a portion of the oxide 
inaiua undissolved. The same author has shown that arsenious oxide, 
which has remained in contact with cold water in closed vessels for eigh- 
teen years, dissolves to the extent of 1 part in 54 of.water, or 18.5 parts 
in 1,000, which may bo given as the maximum solubility of the crystal- 
lized oxide in coid water. 

The power of water of holding the acidin solution, once it is disaolred, 
is not the same as its power of dissolving it. If a concentrated soiutioii 
be made by boiling water upon the oxide and filtering hot, the filtrate may 
be evaporated down to one-lialf its original bulk without depositing any 
of the acid, of which this concentrated fluid now contains as much as one 
part in six of water, or 16ti.O parts per 1,000. If a hot solution of the 
acid be allowed to cool, the solution will contain C3.o parts per 1,000 at 
10°, and 50 parts per 1,000 at 7°, 

The solubility of the oxide in alcohol varies with the strength of t! 
spirit and the nature of the oxide, the vitreous variety being more solubl 
in strong than in weak alcohol, while the contrary is the case with 
crystalline, as is shown in the following table; 



res 

m 



Cryetalliied t 
Vitreous oxid 



1 15' 



At 15° 10.80 

At the boiling- 
point 48.05 




The presence of the mineral acids and alkalies, ammonia and 
acal salts, alkaline carbonates, tartaric aold, and the tartrates, increamt 
the solubility of arsenic trioxide in water. 

A solution of the acid in dilute hydrochloric acid is officinal — Liquor ar- 
fl«uW hydrochlorietis (U. S., Br.), and, when made according to the 
tions of the Pharmacopoeia, does not contain arsenic trichloride, but 
ply a solution of arsenious acid in diluted hydrochloric acid. 

Arsenic trioxide is less soluble in fluids containing fats or extract)' 
or other organic matters (the various liquid articles of food), than it isiA^ 
pure water. 

In chemico-legal cases, in which the question of the solubility of 
is very likely to arise, it must not be forgotten that the quantity of arsenn' 
trioxide which a person may unconsciously take in a given quantitv of' 
fluid is not limited, under certain circumstances, to that wliich the fluid ia 
capable of dissolving^ a much greater quantity than this may be taken 
while in suspension in the liquid, especially if it be mucilaginous. 

Arsenic trioxide is readily decomposedby reducing agents, elementary 
arsenic being deposited, a decomposition which occurs when it is heated 
with hydrogen, carbon, potassium cyanide, etc.; and at a lower tempera- 
ture by more active reducing agents. Oxydizing agents, on the oth^r 
hand, such as nitric acid, the hydrates of chlorine, chromic acid, etc., con- 
vert it into arsenic pentoxide, or arsenic acid. 

Its solution, acidulated with hydrochloric acid, is decomposed when 
boiled with metallic copper, and an alloy of copper and arsenic 
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posited &s & gray film upon the copper (bcq p. 127). Arsenic trioside la 
Urvely used iii the arts, iii the manufacture of glass, green pi<|^eiits, 
and vermin-poisons; io llio processes of djeinp, in the preservation of 
anatoiniciil preparations, and by the taxidermist, ll is one of the com- 
monest of poisons (sec p. 125). 



ArseDio Pentoxide. 



Arsenic anhydride- 
redness. It is a white, 
slowly absorbs moisture, 
higher tempcrai 
dissolves slowly 



deci 



is^Oj — is obtained by heating arsenic acid to 
lorpiious solid, which, when exposed to the aii-, 
It is Fusible at n dull red heat, and at a slightly 
imposes to arsenic trioxide and oxygen. It 
forming arsenic acid, AsO.H,. 



Arsenio Acids. 

These substances form a series, resembling the corresponding com- 
pounds of phosphorus. No arsenic compound corresponding to hypo- 
piiosphorous acid has, however, been discovered aa yet: 

Areonious acid AsO,H.. 

Arsenic acid AsO.H^. 

Pyroarsenic acid \»,0,H,. 

Metarsenic acid Vs(),H. 

Araenious aciii, AsO,H,. — Although this acid has not been sepa- 
rated, its existence in solutions of the trioxidc may bo presumed, espe- 
cially as the solution has a faintly acid reaction. Its composition is similar 
to that of phosphorous acid, and, as is the case with that acid, two only 
of the atoms of hydrogen are replaceable. Corresponding to this acid 
are a number of important suits, called arsenitos, which have the general 
composition AsO.HM',, AsO.HM", (AsO.),H,M". 

Arsenites have also been obtained which seem to correspond to a 
pvroarsenious acid, As.O.H,, and others corresponding to a, a 
acid, AsO.H. 

Arsenia ttrid — Orlhoaysfiiic acid — AsO.H,^ — is obtained by o 
araeaic tnoxido with nitric acid, in the 



As,0, -I- 2H,0 -f- 2N0,H ;= SAsO.H, + N,0,. 



Theo 



may also be brought about by chlorine, nqua regia, or 
otMcr uxmitiiifT agents. A syrupy solution is thus obtained which, at 
Ifi" or bi>low, becomes semi-solid from the formation of transparent crys- 
tttis, containing one molecule of water of crystallization. These crystals, 
which are very deliquescent and closely resemble in appearatice those of 
sodium sulphate, lose their water of crystallization when heated to 100°, 
ftnd tonn a white, pasty mass composed of minute crystalline needles, 
which are anhydrous. 

Arsenic acid is very soluble in water, the solution being strongly acid 
in taste and in reaction; colorless and odorless. 

In the presence of nascent hydrojren. arsenic acid is decomposnd with 
I lowpttion of water and hydrogen arsenide. It ia readily converted into 
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tho lower stage of oxidation of arsenic by the action of reducing agents. 
A current of sulphur dioxide passed through its solution converts it into 
arsenious acid. If hydrogen sulphide be passed through a solution cA' 
arsenic acid or of an arsenate, the first portions of the gas reduce ' ~ 
arsenical compound to arsenious acid, while sulphur separates. Al 
this action has occurred, the arsenious acid is itself decomposed, n 
formation of arsenic trisulphide. 

Hydrochlorio acid, even when concentrated and boiling, forms ti 
arsenic acid mere traces of arsenic trichloride. 

Like phosphoric acid, arsenic acid is tribasic; and the arsenates 
semble the phosphates in composition, and in many of their chemical and 
physical properties. 

Although not as poisonous as arsenious acid (Woehler and Freriehs) 
in tiolu(ion« o/'eqiial strength, it is quite as dangerous & substance, owing 
to its greater solubility. It is manufactured in large quantities industn- 
ally, and is used in dyeing and in the manufacture of fuchsine (7. v.). 



i 



Pi/rixirsenii: aind, As,0,H,. — The resemblance between the pbos- 
phonis acids and those of arsenic is visible in the action of heat upon 
arsenic acid, as well as in other properties. If arsenic acid be heated to 
140"-180°, there form compact masses of bard crystals having the above 
composition, and formed, like pyrophosphoric acid, by the union of two 
molecules of the orthoacid with separation of the elements of one mole- 
cule of water. This acid is qiiito unstable and readily takes up the ele- 
ments of water again, with regeneration of orthoarsenic acid; for this 
reason it is not soluble in water without decomposition. It forms salta 
having the same constitution as the pyrophosphates, 

JtUtarsenic acid, AaO,H. — If pyroaraetiic (or arsenic) acid be mail 
tained at a temperature of 200''-206'' for some time, a further loss 1 
water occurs, and an acid is formed having the composition AsO,H, the 
transformation taking place rather suddenly. It appears in the form of 
white, pearly crystals, which dissolve readiiy in water, the act of solution 
being attended with a considerable elevation of temperature and the re- 
generation of arsenic acid. It is a monobasic acid. 



Compounds of Arsenio and Sulphur. 



I 



Quite a number of compounds of these elements have been described, 
some of which are more probably mixtures than definite compounds. 
Three, however, are well c' 



Arsenic disulphide As,S,. 

Arsenio trisulphide As,S,. 

Arsenic pentasulphide As^Sj, 

Arsenic dimilphide — Jied sitlphide of arsenic — Reaigar — Redorpin 
— Ruhy stilpkur—Red eulphuret of arsenie.^-SaTidarach — As,S,. — Exi 
in nature in the form of translucent, ruby-red crystals. It is also prepar 
artificially by fusing together seventy-five parts of arsenic and thirty-t' 
partsof sulphur, or by heating a mixture of sulphur and arsenic trioside; 1 
8O prepared it appears in brick- or ruby-red fragments, having a conchoid 
fracture. It is fusible, insoluble in water, but soluble in solutions of thM 
alkaline sulphides and in a boiling solution of potassium hydrate. It i 
uued in the arts, in pyrotecbny, and as a pigment. 
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Arsenic trimlphi^e — Orpimenf — Auripifftnfntvm — TeDote mijAide or 
Suiphttret qf artenio — King's yeUotc — As,S,. — Occurs in Datura in bril- 
liant, golden yellow flakes. Obtained artiticiallj by passing hydrogensul- 
phide througli a solution of arsenious acid, or by beating a mixture of 
arsenic and sulpbur, or of arsenic tHoxide and sulphur. 

It is a lemon-yellow powder when obtained by precipitation, and in 
orange-yellow crystalline maasea when prepared by Bublimation. 

It is almost insoluble in cold water, but sufficiently soluble in liot water 
to oomniunicate to it a distinctly yellow color. Uy continued boiling witb 
water it is decomposed, with formation of hydrogen sulphide and arso- 
nioua acid- The limited solution of this substance iu water docs not take 
place in the presence of a small quantity of hydrogen sulphide. It is in- 
soluble in dilute hydrocblorit! acid, but very soluble in solutions of the al- 
kaline hydrates, especially in solution of ammonium hydrate, and in so- 
lutions of the alkaline carbonates and sulphides. 

Nitric acid oiidizes it quickly, forming arsenic and sulphuric acids. 
Tbe same decomposition occurs with nitrofaydrochlorio fccid, and with 
hydrochloric acid and potassium chlorate. 

Arsenic trisulphide corresponds in constitution to the trioxide, atoms 
of sulphur taking the place of those of oxygen. Like that body, it may 
be regarded as an anhydride, although it contains no oxygen; for, not- 
withstanding the fact that sulpharsenious acid, AsS,H,, has not been sepa- 
rated, its existence must be regarded as possible from that of the well- 
characterized sulpharsenites, pyrosulpharaenites, and metasulpharsenites, 
similar in constitution to tlie salts of tbe corresponding oxygen acids. 

Orpiment is used in the arts as a pigment, under the name of Kintfg 
yeHow, and, as such, has given rise to many cases of so called " acoidentai " 
poisoning, by being mistaken for moro harmless coloring matters and 
introduced into articles of food with more or less innocent intent. Al- 
though the natural product is probably inert, the artificial is aotiTely 
poisonous, from the presence iu it of arsenic trioxide. In cases of death 
from arsenical poisoning, the arsenic is liable to be converted into the 
trisulphide, after long burial. 

Araenie penlatulp/iide, As,S. — is said to have been obtained by 
fusing a mixture of the trisulphide and sulphur in proper proportions, 
as a yellow, fusible solid, capable of sublimation in the absence of air. 
The precipitate which is formed when a solution of an arsenate is 
treated with hydrogen sulphide is not this substance, but a mixture of the 
trisulphide and sulphur. Whether or no this body exists in the free state 
(and its existence has been called in question), there exist well-defined 
salts, Bulpharsonates, pyrosulphareenates, and metasulpharsenates, to 
which this body bears tlie same relation that arsenic pentoxide does to 
the corresponding oxygen compounds. 

Compounds of Araenlo -^th the Elements of the Chlorine 
Group. 

Artenic trijluoride, AsF, — a colorless, fuming liquid, boiling at 63% 
Oapablo of attacking glass, obtained by distilling a mixture of arsenic 
tnoxide, fluorspar, and sulphuric nctd. 

Arsenic trichloride, AsCl,, — Obtained by distilling a mixture of 

K trichloride, sulphuric acid, and sodium chloride, using a well- 
receiver. 
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It is A culortcBB liquid, boils at 134:^ [unies wLen esposed to the ftir^a 
.And TolaliliKes readily at tempcrutnres below its boiling-point. Its foNfl 
niation must be avoided in processes for the chemico-iegal detection af|l 
-ttrseiiic, lest ii he volaliliEed and lost. 

It is formed by the ^action of faydrucbloric acid, even when conipam>fl 
lively dilute, upon arsenio trioxide nt tbe temperature of the water-bath ; 
but, if potassium chlorate be added, tbe trioxide is oxidized to araenio 
acid, and the formation of the chloride thus presented. Arsenic trioxide, 
vrlien fused with sodium nitrate, is converted into sodium arsenate, which 
is not volatile ; if, however, small quantities of chlorides be prcsenVa 
arsenic trichloride is formed (see p. lid). It is highly poisonous, ■ 

Arsenic ti-ibromidA, AsBr,. — Obtained by adding powdered arsenin 
to bromine, and distilling' the proiluct at 220°. A solid, colorless, i 
lalline body, fuses at 30 —25% boils at 220°, and is decomposed on 
tact with water. 

Arseiiic triioditle, Aal,. — Obtained by adding arsenic to a solution a 
iodine in carbon disulphide, or by fusing together arsenio and iodine ial 
proper proporlions. A brick-rod solid, fusible and capable of volatilizing 
unchanged. In ii large quantity of water it dissolves ; with a small 
quantity it is decomposed, with formation of hydriodic acid, arsenic tii- 
oKJdc, water, and a residue of arsenic Iriiodide. 

Arsenio triiodide, prepared by fusion, is oJGcinal as Arsenici iodidunt 
(p. S.), and enters into the composition of the iiy. arwntciet hydrargyt 
lodidi (U. S,), or Donovan's solution. 



Action of Arsenical Compounds upon the Animal Eoonomy, 

The poisonous nature of many of the arsenical compounds 1 
known from a remote period, and it is probable that more murders havs. 
been committed by their use than by that of all other toxic substance* 
combined. Even at the present time — notwithstanding the fact that, sus- 
picion once aroused, the detection of arsenic in the dead body is certain 
and comparatively easy — criminal arsenical poisoning is still quite com- 
mon, especially in rural districts. It would seem, however, that in France, 
phosphorus is more frequently used ; while in England, opium and ita 
preparations are the favorite agents of the poisoner. 

Of poisons used by suicides in this country, the arsenical compounds 
(especially Paris green, aceto-arsenite of copper) maintain their posi- 
tion at the head of the list. The great majority of cases of arsenioal 
Eoiaoning which come to our notice are suicidal ; we are forced, however, 
y statistics and experience, to believe that this proportion would be much 
reduced were it not that the secrecy enshrouding homicidal poisoning it 
only penetrated in a small percentage of cases — not from the fault of the 
chemist, but from that of physicians, coroners, and other prosecuting, 
officers.* 

The poison usually enters the circulation by the alimentary cam 
being talien by the mouth; but instances are not wanting in which it hi 



* Tbe last conviction of the oriinc of murder bj poison in New York City wu tlial 
ot Stephens, in 185H. During the following period of itearl}' a quarter at a ocntnrjr. 
P&ria and London have witnessed mnoj' trialR of CBses ot bomiaidal poisoniDK, while 
New York would seem to be eillier free from the uriine, or a safe place for those who 
desire to mnrUer in thia way. 
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been introdaced in other ways: by the skin, to which it has been applied 
in the form of ointment; by abraded surfaces, to trljich it has been ap- 
plied by quacks as a " cancer cure;" by the rectum, va^na, or male 
urethra. 

The substances taken or administered have been: 
^rsl. — Elementary arseiih; usually in tlie shape of fly-poison, which, 
however, contains arsenic triaxide as well. Elementary arsenic is not 
poiKoooua so tonff a* it rrmnine «ucA/ in contact with water, or with the 
saliva, howerer, it is converted into an oxide, which is then dissolved, 
and, being capable of absorption, produces tlie characteristic effects of 
the arsenical compounds. 

Seeond.— 'Hydrogen aTsenidf, the moat actively poisonous of iho in- 
organic compounds of arsenic, has not been used b_v the homicide or the 
suicide. Several cases of accidental death from its effects have been 
recorded, prominent among which is that of the chemist Gchlen, who 
died in consequence of having inhaled a few bubbles of the gas while e\- 
perimenting upon it. In other cases death has followed the inhalation 
of hydrogen, made from linc, or sulphuric acid contaminated with arsenic 
Tliira. — Aritrm'o Irioxide has been the substance administered in a 
great number of cases of homicidal poisoning, has been used to n limited 

I extent by suicides, and has been frequently taken or administered by 

I mistake or accident. It has been given by every channel of entrance to- 
the circulation; in some instances concealed with great art, in others, 
merely held in suspension by stirring in a transparent fluid given to an 
intoxicated person. If the poison have been given in quantity, and un- 
dissolved, it may be found in the stomach after death in the f^rm of 
eight-sided crystals, more or less worn by the action of the solvents with 

I which it has come in contact. 

The lethal dose is variable, death having occurred from two and one- 
balf grains, and recovery having followed the taking of a dose of two 

I ounces. It is more arnivo when taken fasting than when taken on a full 
stomach, in which latter case all, or nearly all, the poison is frequently 

I expelled by vomiting, before there has been time for the absorption of 
more than a small quantity. 

I Fourth, — Potassium arsfnite, the active substance in " Fowler's solu- 

tion," although largely used by the laity in malarial districts as an ague- 
cure, has, so far as the records show, produced but ouo case of fatal poi- 

I soning. 

ftflh. — Sodium urscnila is sometimes used to clean metal vessels, a. 
practice whose natural results are exemplified in the death of an individual 
who drank banr from a pewter mug so cleaned; and in the serious illness 
of three hundred and forty children in an English institution, in which 
this malorial had been used for cleaning the water-boiler. 

Sixth — Artenic acUl khA arufnatea. — ^The acid itself has, so far as we 
know, been directly fatal to ni> one. The cases of death and illness, 
however, which have been put to the account of the red anilin dyes, are 
not due to them directly, but to arsenical residues remaining in thuni as 
tho result of careless processes of manufacture. 

Seventh. — SulpJiidM o/nrnrv'ic. —Poisoning by these is generally due 
to the use of orpiment, introduced into articles of food as a coloring mat- 
ter, bv a combination of fraud and stupidity, in mistake for turmeric. 
Eighth. — 7Sc arsenical greens, — Schcelc'a green or cupric arscnite^ 

I and Schweinfurtli green or cuprio aceto-metarsenite (the latter com- 

I monly known in the United States as Paris green, a name applied in. 
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Europe to one of the anilin pigments). These substances, althoagh 
rarely adminUtered with murderous intent, have beeu ihe cauae of death 
in a great number of cases. Among suicides in the lower orders of " 
population in large cities, Paris green has been the favorite. 

I'he arsenical pigments may also produce disastrous results by " aodi 
dent;" by being incorporated in ornamental pieces of confectionery; iy ^ 
being used in the dyeing of textile fabrics, from which they may be easily 
rubbed off; and by being used in the manufacture of wall-paper. Many 
instances of chronic or subacute arsenical poisoning have resulted from in* 
habiting rooms hung with paper whoso whites, reds, or greens were pro- 
duced by arsenical pigments. From such paper the poison is disseminated 
in the atmosphere of the room in two ways; either as an impalpable 
powder, mechanically detached from the paper and floating in the air, or, 
as Fleck has shown, by their decomposition, and the consequent difiEusioft. 
of volatile arsenical compounds in the air. 

The treattitetit in acute arsenical poisoning is the same, whatever 
be the form in winch tlie poison has been taken. The first indicalic 
the removal of any unabsorbed poison from the alimentary canal. If 
vomiting have not occurred from the effects of the toxic, it should be in- 
duced by the administration of zinc sulphate, or by mechanical means. 
The stomach-pump should not be used unless the case is seen soon after 
the taking of the poison. When the stomach has been emptied, tfa 
chemical antidote is to be administered, with a view to the transform) 
tion in tho stomach uf any remaining arsenical compound into the insoh 
ble, and, therefor, innocuous ferrous arsenate. From recent espei 
enccs,*it would seem that the preparation known as " dialyzed iron " 
very efficacious; failing this, ferric hydrate must be prepared extern] 
raneously, as when dry or not recently prepared it has no longer the powi 
of combining with the arsenical compound. To prepare this substance ft 
solution of ferric sulphate, X*y. /en'i icrsulphalU (U. S.) = Xjy. /erri 
persulphatU (I3t.), is diluted with three volumes of water and treated with 
aquaammoniiB in slight excess. The precipitate formed is collected upon 
a muslin filter and washed with water nntil the washings are nearly tasta- 
less. The contents of the filter — 1-erri oxklum hyd/ratwn (U. S.), FerH 
peroxiduin humidam, {Mr.) — are to be administered, while still moist, iu> 
frequently repeated doses of one or two teaspoonfuls until the fieces becoms 
black or very dark in color from the presence of ferrous sulphide. This 
treatment applies only to those oases in which the poison has been taken 
by the mouth, and has for its object the removal of those portions vhioh 
are [lot.yet absorbed. The symptoms caused by the absorbed poison are, 
to be treated as they arise. 
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Toxloologioal Analysis. 



Phkcadtionb to »k taken by thk Physician. — It will rarely hapi 
that in a case of suspected homicidal poisoning by arsenic, or by otl 
poisons, the physician in charge will be willing or competent to conduct 
the chemical analysis upon which probably the convictioti or acquittal of 
the accused will mainly depend. Upon tua knowledge and care, however, 
the success or futility of the chemist's labors depend in a great measure. 

It is, as a rule, the physician who first suspects foul play ; and, while it 
is undoubtedly his duty to avoid any public manifestation of his suspicion, 
it is just as certainly his duty toward his patient and toward the oom- 
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munity to satiafy htmself as to the truth or falsity of hia suspicion by the 
application of a simple test to the excreta of the patient during life, the 
result of which may enable him to prevent a crime, or, failing that, take 
the first step toward the punishment of the criminal 

In a case in which, from the symptoms, the physici&n suspects poison- 
V'S ^y ^^y substanoe, ho should himself test the uriee or fusees, or both, 
and govern his treatment and his actions toward the patient, and those 
flurrounding the patient, by the results of his examination. Should the 
case terminate fatally, he should at once communicate his suspicions tu 
the prosecuting oihcer, and require a. post-mortem investigation, which 
should, if at all possible, be conducted in the presence of the chemist who 
is to conduct the analysis; for, be the physician as skilled as he may be, 
there are odors and appearances, observable in many cases At the opening 
of the body, full of meaning to the toxioological chemist, which are ephem- 
eral, and whose bearing upon the case is not readily recognized by those 
Dot thoroughly experienced. 

Cases frequently arise in which it is impossible to bring the chemist 
upon the ground in time for the autopsy; in such cases the physician should 
remember that that portion of the poison remaining in the alimentary 
tract (we are speaking of true poisons) is but the residue of the dose in 
excess of that which has been necessary to produce death; and, if the pro- 
cesses of elimination have been active, there may remain no trace of the 
poison in the alimentary canal, while it still may be detectable in deeper- 
seated organs. Moreover, the finding of poison in the stomach alone would 
not, at the present time, be sufHcient to procure oonviotion of the orimir 
nal, who might, raise the very plausible question as to whether the poison 
was not injected by some nialiciotis person into that viscus after death, 

For these reasons it is not sufficient to send the stomach alone frtr 
analysis; the chemist should also receive the entire intestinal canal, ut 
least one-half the liver, the spleen, one or both kidneys, a piece of muscu- 
lar tissue, the brain, and any unne that may remain in the bladder. The 
and sent to the chemist loithout hav- 
ires enclosing the contents at the two ends 
- end of the intestine. The brain and ali- 
iu separate jars, and the other viscera iu 
I in a vial by itself. All of these vessels 
ire to be closed by new corks, or by glass 
:^rew-caps), which are then coated with paraf- 
I fastened with strings and seals that it is im- 
without cutting the strings or breaking the 
It the physician fail to observe tiieso precautions, he has probably 
made the breach in the evidence through which the criminal will escape, 
and has at the outset defeated the aim of the analysis. 

Thxicoloffical analysis. — Since the earlier days of toxicological chem- 
istry many processes for the detection of arsenic have been sussested, 
varying greatly as to the facility of their application and the reliability of 
the results obtained. 

Of these there is one which, although well adapted to the use of phy- 
sicians during the life of the patient, is of little value from a chcmico- 
legal point of view ; we refer to Reinsch's test. 

The advantages of this metliod are that it may be applied to solutions 
containing organic matter, the urine for instance ; it is easily conducted, 
«nd its positive results are not misleading, if the tett ie carried to mnt- 
j>iatwh It is, therefor, the test which we stiould recommend physicians 
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intestinal ciinal should bi 
inff been open«d, and with ligati 
of the stomach and at the lowe 
montary canal are to bo placed 
another jar together; the urim 
itre to be new and clean, and 
stoppers, or covers (nut zinc sen 
lino (not sealing-wax), 
possible to open the 




128 OKNEKAt. MKDICAL CIEKMISTKY. 

to apply to the urine, !n cases which they suspect are due to arseniuil 
poisoning ; but at the same time it is one wiiose application to any solid 
or Iluid, after death, we should disapprove o£ strongly, unless complete evi- 
dence of the presence of the poison had already been obtained by the use 
of other testa. By its use copper is introduced into the subatanoes ei- 
ADiined, which may seriously interfere with subsequent steps in the 
nnalysis, by rendering impossible a distinction between poisoning by 
arsenious anhydride and that by Paris green — a distinction which may 
become of vital importance if the defence claim the case to bo one of 
suicide. Other disadvantages of Reinsch's test are that it is not as deli- 
cate as Marsh's tost ; that by it arsenic in its higher state of oxidation is 
not detected ; the difficulty of obtaining copper free from arsenic ; and 
that its results are interfered with by the presence in the mixture tested 
of oxidising agents. 

Reinsch's test consists in acidulating tlio suspected lluid (urine) with 
one-sixth its bulk of pure hydrochloric acid, immersing in the liquid a 
strip of pure electrotype cup[>er, and boiling, If arsenic be present, a 
gray or bluish deposit will form upon the cupper ; but, as such a deposit 
IS produced by other substances (bismuth, antimony, mercury) as well as 
arsenic, the mere fonnation of this stain is not evidence of the presence 
of an arsenical compound. To complete the test the copper is removed, 
washed, and dried between folds of iilter paper, without removing the de- 
posit. The copper, with its adhering deposit, is then rolled into a little 
cylinder, which is introduced into a piece of Kohemian tubing, about one- 
fourth of an inch in diameter and six inches long. The tube is then 
held at an angle of about 45°, the copper coil being about an inch and a 
half from the lower end, and heated at the point whero the copper is. If 
the deposit bo duo to arsenic, a sublimate, consisting of octahedral crvs- 
tals of arsenic trioxide, will form at some point in the upper, cool portion 
of the tube. 

Three precautions must be observed by the physician in using this 
test : 1. The freedom of the hydrochloric acid and copper from arsenic 
must be demonstrated by a blank testing. 3. No stain upon the copper 
is evidence of the presence of arsenic, unless it yield crj'stals of the tri- 
oxide as described. 3. It should never be used after the death of the 
patient, especially if there be any reason to believe that tho case will be 
the subject of legal proceedings. 

In a case of supposed homicidal poisoning tho analyst must not 
conhne his attention to any one poison, however directly the circum- 
stances of the case mav point to the use of this or that toxic. He must 
BO conduct tho analysis as to be enabled to predicate the absence or 
presence of each of the more usually employed poisons. For this reason 
a systematic course of analysis must bo fallowed, in which the search for 
mineral poisons, phosphorus excepted, follows that of those of an organic 
nature. This arrangement is chosen, firstly, because tho volati e and 
some of the alkaloidal poisons, being subject to decomposition in contact 
with putrefying organic material, must be sought for at the c:ir1iest pos- 
sible moment; and secondly, because, in searching for mineral poisons, it 
is necessary to destroy all organic matter, the presence of which would 
render the tests applied uncertain, and in many instances delusive. 

The best method of accomplishing this destruction of organic matter is 
that devised by Frezenius and von Babo. It consists in oxidizing the 
animal or vegetable substances bv a mixture of hydrochloric aoid and 
potassium chlorate. The material to be e.xamined, divided into small 
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pieces if solid, is rendered fluid by the &dclltioa of water, &nd, after tbe ad- 
dition of about 200 CO. of hydrochloric acid, and four to five grams of potas- 
sium cliiorate, is heated over the water-bath, small quantities of chlorate 
being added from time to time until the mass has a uniform light yellow 
color. If now it smell strongly of chlorine, it is warmed, and treated 
with a current of carbon dioxido until the chlorine odor has diBajipcared, 
when it is allowed to cool, is filtered, and the residue washed with hot 
water. The clear fijlrata and washings, if strongly acid, are partinUy 
neutralised by the addition of sodium carbonate, and treated with a cur- 
rent of washed hydrogen sulphide, the gas being passed through the 
warmed liquid until, after shaking, it retains a strong odor of sulphur- 
etted hydrogen. The vessel is then corked and set aside until the fol- 
lowing day, when the same treatment is repeated, as again on a third day, 
a long contact with an excess of hj'drog-en sulphide effecting a more com- 
plete separation of the metallic sulphides than a treatment with a large 
volume of the gas during a shorter period. The precipitate formed is 
now collected upon a filter, and washed with water containing a small 
quantity of hydrogen sulphide, until the washings do not give the faint- 
est cloudiness when boiled, acidulated with nitric acid, and tested for 
ehlorides by the addition of silver nitrate solution. 

The precipitate is then treated with solution of ammonium sulphy- 
drate, which effects a partial separation of the poisonous metals, some 
being dissolved and others remaining; arsenio trisulphide will pass into the 
solution. This is now evaporated over the water-bath to dryness, the 
residue moistened with strong nitric acid and again dried over the water- 
bath, the treatment with nitric acid being repeated two or three times. 
To the residue sodium carbonate and sodiam nitrate arc added, and the 
whole heated to fusion until colorless. It is then allowed to cool, and 
deoomposed by the addition of strong sulphuric acid and gradual heating 
until all nitric acid is expelled, and until copious while fumes are given 
off. The residue is finally dissolved in water, and if there be any cloudi- 
ness in the solution (see p. 132), it is filtered and tested for arsenic by one 
of the following methods: 

Of all the tests hitherto devised for the detection of arsenic, the most 
delicate and the most certain is that originally suggested by James Marsh, 
in 1836, and subsequently so modified by Berzeltus, Otto, and others, that 
but little of the original method remains beyond the principles upon 
which it is based (see p. 117). The apparatus consists of a gener- 
ating flask having a capacity of about 75 c.c, fitted with a cork through 
which pass a funnel-tube, drawn out and turned up at the lower end, and 
a tube bent to a right angle and carrying a bulb upon its horizontal 
limb. This tube communicates with a drying-tube, filled with fragments 
of oalcium chloride enclosed between cotton plugs, and this in turn with 
■ pieoe of Bohemian tubing, about an eighth of an inch in diameter and 
about two feet long, whose middle third is coiled in a spiral; finally, thia 
Cube is connected with a right-angle tube, whose lower ettremily dip* 
into a solution of silver nitrate. 

To apply the tost, the generating flask Is charged with pure zinc, 
which is moistened with water containing a few drops of a solution of 
platinum chloride ; the solution is allowed to remain upon the zinc about 
ten minutes, and is then washed oFf. The apparatus is mounted in such 
'•y that all its joints are gas-tight, and sulphuric acid, diluted with 
ttle more than its bulk of water and cooled, is poured into the funnel- 
tube. After the generation of hydrogen has continued for about twenty 
& 
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minutes, the coiled portion of the Bohemian tube is heated to redneasi 
and the heating and evolution of hydrogen continued for a full half-hour. 
If at the end of this time the faintest deposit have formed in the cool por- 
tion of the tube, beyond the coil, the chemicals are to be rejected as im- 
pure, and the testing is to be repeated with others. If no deposit have 
formed, the suspected liquid, diluted if necessary with water, is slowly 
introduced through the funnel-tube in such a way that no air is carried 
down with it, that the generating flask does not become hot, and that the 
introduction of the entire quantity (which should not measure more than 
two or three fluid ounces) shall require from an hour to an hour and a 
half. If the proper precautions have been observed, and if the matters 
tested contained arsenic, a hair-brown or steel-gray deposit will have 
formed in the tube, beyond the coil. 

As Marsh's test is usually applied, this stain may be produced by anti- 
mony as well as by arsenic; but if the method indicated above have been 
followed, antimony, if present, will have been separated at an earlier stage 
of the process (see page 132). 

Some toxicologists direct that the final exit of the gas from a Marsh 
apparatus be from a drawn-out end of the tube, pointing upward, and 
that it shall be there ignited. If, under these conditions, the heatinc^ of 
the coil bo discontinued, in the presence of arsenic a white, crystalline 
deposit of arsenic trioxide may be collected upon a glass surface held 
above the flame, or a brown or black deposit of elementarv arsenic upon 
a cold, white, porcelain surface held in the flame. But this method — the 
original form of Marsh's test — is attended with a considerable loss of arsenio, 
and we therefor consider it preferable to collect any arsenic which may 
escape deposition in the tube in a solution of silver nitrate. The presence 
of arsenic in the silver solution may be subsequently detected by cautiously 
floating a small quantity of dilute ammonium hydrate solution upon the 
surface of the liquid, when a yellow cloudiness is observed at the line of 
contact. 

Owing to the difficulty formerly experienced in obtaining zinc free from 
arsenic, it was suggested that nascent hydrogen be obtained by the de- 
composition of acidulated water by the battery. This modification of the 
Marsh process is usually designated as Bloxam's test, as its use was 
recommended by that chemist in 1860 ; a similar apparatus was, however, 
suggested by Morton previous to 1847. 

If a determination of the quantity of arsenic present be required, the 
sulphuric acid solution obtained as directed on page 120 is not introduced 
directly into the Marsh apparatus, but is treated with sulphur dioxide, 
and then, after boiling until the excess of sulphur dioxide is driven off, 
with hydrogen sulphide. Any arsenic present is thus precipitated as the 
sulphide, in which form it is weighed, with the precautions indicated in 
the works on analytical chemistry. The estimation of arsenic as uranium 
or magnesium pyroarsenate, although excellent for technical purposes, 
is not available for the small quantities which the toxicologist has usually 
to deal with. The method by weighing the deposit formed in the Marsh 
test, recently suggested by Gautier, is not reliable. 

Another test is that suggested by Frezenius and von Babo. It con- 
sists in mixing the precipitate of sulphide, obtained as above, with a 
mixture of potassium cyanide and sodium carbonate, and heating in a 
tube through which passes a slow current of carbon dioxide. If arsenic 
be present it will appear in the cool part of the tube as a steel-gray deposit. 

To distinguish between an arsenite and an arsenate in solution, ad- 
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vsntage is taken of tlie colors of the two salts of 
acid solution to be tested, neutral solution of silvi 
the mixture then rendered neutral by blowing up< 
per of a bottle moistened with ammonium hydrate 
be present, the bright yellow silver arseiiite i 
the briok-red silver arsenate. 
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ilver. To the faintltf 
nitrate is addeJ, and 
I it over the glass stop- 
lution. If an araenita 
formed; and if an arsenate, 
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Stibium Sb.. 



First described, about the middle of the fifteenth century, by Basil Va1> 
entino. Occurs In nature, in its elementary form, in small quantity. Its 
chief ore, which was known to the ancients as trriii/u, ori^i and etibium, ia 

s obtained by roasting the sulphide, which is km 



commerce as black antimony, or fnide UTUimony, 
so obtained by heating it with charcoal. As thi 
known as regidua of antimoiii/, is alway 
stances, notably with arsenic, it is necessary to purify 

used formedicinal or chemical purposes. This purilicatic 
ing a mixture of sixteen parts of commercial antimony, 
live trisulphide of antimony, and two parts of dry 



ide 
.1 product, 
[I with other sub- 
t wht^n it is to be 
1 is effected by fus- 
one part of the na- 
carbonate. After 
joling, the antimony is removed, powdered, and again fused with one and 
one-half part of sodium carbonate and one per cent, of ferrous sulphide; 
finally, the antimony is again separated, powdered, and fused a third time 
with one part of sodium carbonate and a few fragments of sodium nitrate. 
Each fusion is maintained for an hour. 

Antimony is a bluish gray solid, having a brilliant metallic lustre, 
readily crystallizable by fusion and cooling; very brittle and easily pul- 
verized. Sp. gr. 6.715. It is tasteless and odorless, melts at 450°, vola- 
tilizea at a bright red heat, and may be distilled in an atmosphere of 
hydrogerl. 

In its chemical properties and its compounds, antimony resembles ar- 
senic; it is not, howeviT, as readily oxidized as that element, being unal- 
tered by exposure to air, dry or moist, at ordinary temperatures. When 
■ufBcientiy heated in air it burns, witli formation of the trioxide, as a 
white, crystalline sublimate, formerly known as argentine flowers of 
antimony. If melted antimony be dropped from a height, the small 
globules, exposing a large surface are rapidlj' oxidized, and in their 
passage through the air are followed by a white train of the trioxide. 
Antimony also unites directly with chlorine, bromine, iodine, sulphur, 
and with many metallic elements. Like arsenic, it unites indirectly with 
hydrogen. 

Cold, dilute sulphuric acid is without action on antimony; the hot 
concentrated acid converts it into antimonyl sulphate, while sulphur di- 
oxide is given off. When very finely divided, antimony ia dissolved by 
hydrochloric acid under the iiiiluciice of heat. Nitric acid oxidizes it 
readily with formation ot antimonic acid, or of the intermediate oxide, 
Bb,0,. It is readily dissolved by aqua regia, with which it forms t 
the trichloride, SbCl , or ihe pentachlorido, SbCl.. 
solutions of tlie alkaline liydrates. 



s not dissolved by 
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The element itself does not form salts with the oxacids. There are, 
however, compounds which are formed by the substitution of the group 
(SbO)', an univalent radical, for the basic hydrogen of those aoids. Simi- 
lar compounds of vanadium and of arsenic are also known (see Tartar 
Emetic, p. 405). 

Antimony is also capable of uniting with many metals to form alloys, 
some of which are definite, crystalline compounds. 

Antimony is largely used in the arts, chiefly in the form of alloys, to 
which it communicates hardness and the property of expanding at the 
moment of solidification. Its principal use is as a constituent of type- 
metal; it also enters into the composition of '* Britannia metal,** ^'Queen^s 
metal," and of the various anti-friction alloys used for the bearings of 
machinery. In a finely divided state it is applied to papier mach^ and 
plaster ornaments, to give them the appearance of steeL It is not used 
m medicine in its elementary form. 



Hydrogen Antimonide. 

Antimoniuretted hydrogen — Stihamine — Stibonia — SbH,. — Does 
not exist in nature, and has not as yet been obtained in a state of purity, 
being always mixed with a large quantity of hydrogen. Its composition, 
SbH„ corresponding to that of the hydrogen compounds of the other 
elements of tnis group, has been established beyond a doubt by the studv 
of its products of substitution. 

It is a gaseous substance, formed from reducible compounds of anti- 
mony, under the same conditions which govern the formation of hydrogen 
arsenide. It is al«o subject to decompositions, similar to those of the 
arsenical compound. It differs from hydrogen arsenide in being by no 
means as poisonous, and in its action upon solutions of silver nitrate. 
Hydrogen arsenide, when passed through a solution of the silver salt, is 
decomposed according to the equation — 

6NO,AgH-AsH,H-3H,0=6NO,H + AsO,H,4-3Ag„ 

elementary silver being separated as a black powder, while arsenious 
acid remains in the solution, from which the yellow silver arsenite may 
be precipitated by cautiously floating dilute ammonium hydrate upon the 
surface of the clear liquid. 

In the case of hydrogen antimonide, a black deposit is also formed, but 
in this instance it is not elementary silver, but silver antimonide: 

3NO,Ag4-SbH,=3NO,H+SbAg,. 



Distinction between Arsenic and Antimony by Marsh's Test. 

If the analysis have been conducted in the manner indicated upon 
p. 128, any antimony present is separated during the fusion with sodium 
nitrate and carbonate, and the subsequent solution and filtration, as an 
insoluble white powder, from which the element may be obtained by 
fusion with potassium cyanide, and its nature determined by solution in 
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aqua regis, which solution is then tested for antimony (see p. 138). 1/, 
Lowever, Marsh's tost be applied without the previous steps in the pro- 
cess, the stain of arsenic limy be distinguished from that of antimony by 
the following differences: 



T^ AruntMi Stain, 

Fimt. — Is farther removed from the 
lieate'.l portion ot the tube, and, if small 
in qiimtily. is double— the first hoir- 
browD, the seeottd stael-gny. 

Stcoad. — Voluiliiea ceadil; nhen heat- 
ed in ui sbnosiiliera of hydrogen, being 
deposited fiutluir along in tbe tube \ the 
escaping gas ba« the odor of garlto, 

TWrrf.— When osutiounly bented in a 
coireQt ot oiygen, brlUiant while outoha- 
dial oryaUiU of Kiseiiic trioiide ue de- 
posit«d farther along in the tube. 

Fourth. —InitaaHy solabla in aolutioa 
ot aodinn hirpochloKte. 

FifIA -Slowly dUwlTod by golution ot 
amiaoDium nulphydiale i mora rapidly 
when warmed. 

•SiirJi. — TUe solution obUiiuEd ia 5° 
leavei.on evaporotioa over the water-bath, 
m bright yellow residue. 

Settntk The reridae obtained in S' 

{■ (oloble ID .qua auimouin, but inaolable 
in hydroclilerio auid. 

Eighth. — Is so I obi e in warm nitrioacid; 
the Bolalion oe eva[iorstiou yields a white 
residue, which lurun briok-red whau moiut- 
ened wilrh ulver nitrate solution. 

JViutA. — Is not diMolred by a solntioa 
" ■ B chloride. 



The Antiaumial Stain. 



Second, — Bequlrtx a much higher tern- 
peiature f or its volatiliutiou ; funes before 
Tolatiliiiiig. Eacaping gaa tui£ uo alliace- 

Third, — No eiystals fonued by heating 



FauTtK — Insoluble in aolntion of to- 
dium hypochlorite. 

Fifth. — Dissolves quickly in solution of 
anunoniuiu sulpbydiate. 

.'(iriA.— The solution obt^ned in 3' 
leaicB.on evaporation over tbe wntoi-bath, 
an orange -red residue. 

Seventh. — The residue obtained in 6° 
is iuBolable iu aqua ammonia;, buc soluble 
in bydrochlorlo sold. 

Eigklli.—ii Bolnble in worm nitric acid ; 
tbe solution on evaporation yields a while 
leHidue, wbitth in not colored when molsl- 
ened with sUveT nitrate sululion. 

.K/ifA.— DisBolves slowly in solntion of 
chloride. 



When, from the methods followed, it is doubtful whether the stain be 
antimonial or arsenical, it is well to use a number of small ooiU of heated 
tubing (see p. 139), throui^L which the gas is made to pass in succession, 
rather than to attempt the collection of stains by the introduction of 
porcelain surfaces into the flame of tiie jet ignited as it issues from the 
end of the tube, as by the latter method of manipulation much of the 
antimoDy is lost. In conducting the Marsh test for antimony the pre- 
CKotiona mentioned on p. 130 are to be observed. 



Compounds of Antimony and Oxygen. 
Three oompounds of these elements are known: 



Antimony trioxide... 
Antimony pentoxide . 
Intermediate oxide . . . 



,.Sb,0, 
, .Sh,0,. 
, .Sb,0 



Anlimony trifKriflu — Antimoniottt anhydride — Oxide of antiiiiQiiij — 
Antimoiiii oriduin^U. S., Br.) — Sb,0, — exists in uuture, and is worked 
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as an ore of antimony in Algeria. It is, however, generally prepared arti* 
ficiaily for use in the arts and medicine, by decomposing the oxychloride 
{q. V,), This decomposition may be effected in a variety of ways. The 
best method of obtaining the pure oxide consists in simply heating the 
oxychloride strongly in a crucible, when it is decomposed into trioxide and 
trichloride, the latter being volatilized. The United States Pharmacopoeia 
process consists in first obtaining the oxychloride, which is then decom- 
posed by dilute ammonium hydrate solution, and washing to separate 
the ammonium chloride formed. The British PharmaoopoBia process is 
similar, but the decomposition is effected by a solution of sodium car- 
bonate, instead of by ammonium hydrate. Antimony trioxide is also 
formed by heating antimony in a current of air, in the form of brilliant 
prismatic crystals, known formerly as Flores antimonii argentei, or Nix 
Btibii. 

As prepared by the wet process, it is an amorphous, tasteless, and 
odorless powder, white at ordinary temperatures, but turning temporarily 
yellow when heated. It fuses readily, and, if protected from the oxygen 
of the air, volatilizes and condenses in the form of prismatic crystals. If 
strongly heated in contact with air, it burns like tinder, and is converted 
into the intermediate oxide, Sb^O^. It is insoluble in water. 

It is readily reduced, with separation of elementary antimony, when 
heated with carbon or in an atmosphere of hydrogen. It is also readily 
oxidized, as when brought in contact with nitric acid, or with solution of 
potassium permanganate. It dissolves in hydrochloric acid, with forma- 
tion of the trichloride; in Nordhausen sulphuric acid, from which solution 
there separate brilliant crystalline plates, having the composition S,0, 
(SbO),. It dissolves readily in solution of tartaric acid or of hydropotas- 
sio tartrate (see Tartar Emetic^. By boiling solutions of the alkaline hy- 
drates it is gradually converted into antimonio acid. 

James' rowder, l\ilvis antinionialis (Br.) is a mixture of antimony 
trioxide and tricalcio phosphate. 

Antimony pentoxide — Antimonio atihydride — Sb,0, — is obtained by 
heating metantimonic acid to dull redness. It is an amorphous, tasteless, 
and odorless solid, pale lemon-yellow when cool, and becoming temp>ora- 
rily darkened when heated. When heated to redness it gives off oxygen, 
and the intermediate oxide remains. It is very sparingly soluble in water 
and in acids. 

Intermediate oscide^ Sb^O^— occurs in nature. It is formed when the 
oxides or hydrates of antimony are strongly heated, or when the lower 
stages of oxidation or the sulphides are oxidized by nitric acid, or by fu- 
sion with sodium nitrate. It is insoluble in water, but decomposed by 
hydrochloric acid, hydropotassic tartrate, and potash. 

The constitution of this compound is still undetermined. It is re- 
garded as the antimonio salt of metantimonic acid, SbO, (SbO)', or as the 
anhydride corresponding to an acid having the composition Sb,O^H,. The 
latter view is probably the correct one, as by treatment with potash it 
yields a compound having the composition Sb^O^K,, which, by decompo- 
sition with an equivalent quantity of sulphuric acid, yields the acid 
Sb,O^H^. Moreover, there exists in nature a mineral (romeine) which is 
the calcium salt Sb^O^Ca. 



OULOEIDL-S OF ASTIirONT. 



Antimony Acids. 

The normal antimonous acul, 5L0,H„ corresponding to pbosphorous 
«ciil, is not known; but tlio series of aiilimonic acids is oompiete, either 
in tlie form of salts or iu that o£ the free acid: 

Orllioantimoiiio aoid SbO,H . 

Pyroantiinonio acid Sb,0,H,. 

Metautimonic aoid SbO,H. 

Besides these there also exists, in the shape of its sodium salt, a de- 
rivative of the lacking antinionous acid: 

Uetantimonoua aoid SbO,H. 

But little practical interest attaches to these acids, or to their salts. 
The compound sometimes used in medicine under the name Konhcd dio' 
phoretic antimony is potassium metantimonate, united with an excess of 
antimony pentoiide, 2SbO^K, Sb,0.. 

The hydropotassic pyroautimonatc, Sb,0,K,II,, 6Aq, is a valuable 
reagent for sodium, with which it forms the iusoluble sodium salt. The 
reagent is obtained by calcining a mixture of one part of antimony with 
four parts of potassium nitrate, fusing the product with its own weight 
of potassium carbonate, and dissolving the resulting white mass in water 
as it is required fur use. 



L 



Ohlortdes of Antimony. 

Two chlorides and several oxychlondea are known: 

AtUirtioni/ Iric/ilorkfs — ProtocfUoride of antimony — Sutter of anti- 
mony — SbCl, — is obtained by passing dry chlorine over an excess of an- 
timony or of antimony trisulphide, or by dissolving the trisulphide in 
hydroohloric acid, or by distimng together mixtures, either of antimony 
trisulphide and mercuric chloride, or of antimony and mercuric chloride, 
or of aritimonyl pyrosulphate and sodium chloride. 

At low temperatures it is a solid, cr^'stulliMe body; at the ordinary 
temperature, a yellow, semi-solid mass, resembling butter; at Ti.'i° it melts 
to a yellow, oily liquid, which boils at 223°. 

When obtained by solution of the trisulphide in hydrochloric acid of 
the usual strength, it forms a solution with the water, which, concen- 
trated to sp. gr. 1.4T, is the Liq. anti'monii chhridi (U. S., Br.), used as 
an escharotic. 

The trichloride attracts moisture from the air and is soluble in a very 
small quantity of water. Upon the addition of a larger quantity of water, 
however, the chloride is deeomposed, and a white powder is formed, 
which was formerly known as pweder of alifuroth, and which is now pro- 
pared as a step in the manufacture of the trioxide and of tartar emetic. 
The composition of this substance varies according as hot or oold water 
is used; if the latter, the decomposition is — 

SbCl,-|-H,0=9HCl + SbOCI; 



136 GENEKAL MEDICAL CHSMISTBT. 

but if the water be boiling — 

4Sba,+5H,O=10Ha+Sb,O,Cl,. 

In water which contains at least fifteen per cent, of hydrochloric 
acid, antimony trichloride dissolves without the formation of a precipitate. 

Several cases of poisoning by butter of antimony, or by the ILiq, 
antimonii chloridiy are upon record, the substance acting both locally 
as a corrosive and as a true poison. 

It is used in the bronzing of gun-barrels. 

Antimony pentcuihloricley SbCl, — is formed by the action of chlorine 
in excess upon antimony or antimony trichloride, and distillation in a 
current of chlorine. 

It is a fuming, colorless liquid, which solidifies at — 20^, but does not 
melt again until the temperature reaches — 6^. It absorbs moisture from 
the air. With a very small quantity of water, and by evaporation over 
sulphuric acid, it forms a hydrate having the composition SbCI^ 4H,0, 
which appears in the form of transparent, deliquescent crystals. With 
more water a crystalline oxychloride, SbOCl,, is formed; and with a still 
larger quantity, a white precipitate of orthoantimonio acid, SbO.H,, is 
formed. It is capable of uniting with other chlorides to form double 
compounds, such as SbCl,, PCI,. 

With iodine, bromine, and fluorine, antimony forms compounds similar 
in composition to the trichloride. The triiodide, Sbl„ has been used in 
medicine. In its preparation the constituents must be brought together 
gradually to avoid explosions. 

Sulphides and Qxysulphides of Antimony. 

Two sulphides of antimony and a number of ill-defined ozysulphides 
are known. 

Antimony trisulphide — Black antimony — Sulphuret of antimony — 
Antimonii suiphuretum (U. S.) SbS,. — Occurs in nature, and is the chief 
ore of antimony; it is also formed artificially when an excess of hydrogen 
sulphide is passed through a solution of tartar emetic. The native sul- 
phide is in the form of steel-gray, crystalline masses; the artificial pro- 
duct appears as an orange-red or brownish red, amorphous powder. It is 
met with in commerce, under the name " crude antimony," in conical 
loaves, obtained by simple fusion of the native sulphide to free it from 
gangue. 

It is soft, readily powdered, quite fusible, and has a brilliant metallic 
lustre. When heated in contact with air it is decomposed, sulphur 
dioxide is given off, and there remains a brown, vitreous, more or less 
transparent mass, composed of varying proportions of oxide and oxysul- 
phides, known as crocuSy or liver, or glass of antimony. 

An oxysulphide of a fine red color, used as a pigment under the name 
antimony cinnabar or antimony vermilion, is obtained by the action, 
under the influence of heat, of a solution of sodium hyposulphite upon a 
solution of antimony trichloride, or of tartar emetic. It has the com- 
position Sb,S,0,. 

Antimony trisulphide is an anhydride, corresponding to which are 
salts known as sulphantimonites, having the general formula SbS,M',H. 
If an excess of the trisulphide be boiled with a solution of hydrate of 
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fiotassium, or of sodium, a solution is obtained containing an alkaline 
sulgihantimonite and an excess of antimony trisulphidc. If this solution 
be filtered and decomposed while still hot, an orange-yellow precipttata 
is obtained, which ia the antiniottium sulphuretum (U. S,, Br.), and con- 
sists of a mixture, in varying proportions, of the trisulphide and the tri- 
oxide. If, however, the solution be set aside and allowed to cool, a 
brown, voluminous, amorphous precipitate separates, which consists of 
antimony trisulphidc, antimony trioxide, potassium or sodium sulpiiidc, 
and alkaline eulphantimonite tn varying proportions, and which ia known 
as Kermes' mineral, antimonit oxysulphureium (U. S.). If now the solu- 
tion from which the kermes has separated, and which atill contains an 
alkaline sulpha ntimoni to, be decomposed with sulphuric acid, a reddish 
yellow substance, known as golden siUphuret of antimoni/, and which is a 
mixture of tri- and pentasulphides, separates. 

The preoipilute obtained when hydrogen sulphide is passed through 
an acid solution of an antimonial compound is, according to cirmimstanoes, 
the trisulphide or the pentasulphide, mixed with varying quantities of 
free sulphur. 

By the action of hydrochloric acid upon the trisulphide, hydrogen 
aulphide is liberated; this method of obtaining that gas for toxicological 
analvsis, formerly resorted to, is not to be recommended. In such anal- 
yses the use of red india-rubber lubiug is to be avoided, as it owes its 
color to a sulphide of antimony. 

AtUimony pentasulphide — Antimonio sulphide — Sb,S, — is obtained 
by decomposing an alkaline sulphantimonato by an acid. It is a dark 
orange-red, amorphous powder, readily soluble in solutions of the alkalies 
and alkaline sulphides, the solutions containing well -characterized salts, 
called Bulphantimonates. One of these, sodium sulphantimonate, &bS, 
Na, -1- 9 Aq, known as Scldippe's salt, forma large, yellow crystals, solu- 
ble in water, and was formerly used in medicine. 



Antimonial Poisoning. 

The compounds of antimony, when taken internally, are poisonous, 
and act with greater or less energy as they are more or less soluble. 
Their poisonous nature was early recognized, and utilised to suoh an ex- 
tent that in 15G6 the French Parliament found it necessary to prohibit 
tbeir use in medicine — a prohibition which was not removed until a oen- 
lury later. 

The compouitd which is now the most frequent cause of antimonial 
poisoning is tartar emetic (see p. 405}, which has proved fatal in a dose 
of one and one-half grain, although recovery has followed the ingestion 
of doses as large as half an ounce in several instances. Indeed, when large 
doses are taken, the chances of recovery seem to be better than after small 
doses, probably owing to the fact that in the former instance the poison is 
more quickly and more completely discharged by vomiting, \Vhen ad- 
ministered with murderous intent, antimonials are sometimes given in small 
atid often repeated doses, the victim finally dying of exhaustion. When 
tho existence of such a ease is suspected, the urine should bo examined. 

The treatment in acute antimonial poisoning should consist, first, in 
inducing vomiting, if it have not already occurred, by the administration 
o( hoi water; should this fail to act, the contents o[ the stomach are to be 
When this has been done, tannin in 



removed by the stomach-pu 
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some form, decoction of oak-bark, cinchona, nutgalls, strong tea, should 
be given, with a view to the conversion of any remaining poison into an 
insoluble compound. 

The presence of antimony in the viscera is best detected by Marsh's 
test (see p. 132). 

It must not be forgotten that antimony is very liable to contamina- 
tion with arsenic, which, from defective manipulations, may find its way 
into the medicinal antimouiais. 



Analytical Reaotlans. 

Besides the reactions of Marsh's test, the presence of antimony may 
be detected by the following: 1st, the formation of an orange-red pre- 
cipitate when hydrogen sulphide is passed through an acid solution, the 
precipitate being soluble in ammonium sulphydrate and in hot hydro- 
chloric acid; 2d, the formation of a bluish, metallic deposit upon copper 
immersed in a boiling solution, acidulated with hydrochloric acid — the 
stain, when heated in a tube open at both ends, yielding an (Mfnarphons 
white sublimate (Reinsh's test). 

The determination of the quantity of antimony is difficult and re- 
quires great care; it should be converted into the oxide, Sb,0^, and 
weighed as such. Processes based upon the formation and weighing of 
the sulphide are apt to lead to fallacious results. 



BOBIO ACIDS. 



rV. BORON GROUP. 
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This element form& a group by itself, none other being' known which 
resembles it in its chemical properties. It is trivalent in all of its coni' 
pounds. It forms but one oxide, whit^h ia the anhydride of & tribasio 
acid. It forms no compound with hydrogen. 

Iloron does not exist as such in nature, but occurs in combination as 
boraoic acid and the borates of calcium, magnesium, and sodium. It was 
isolated almost simultaneously by Davy, Gay-Lussac, and Thenard. It 
may he obtained in two allotropic forms — amorphous and crystalline. 

AmorjihoM boron is obtained by the decomposition of its oxide by 
metallic sodium or potassium. It is a greenish brown powder; sparingly 
soluble in water, infusible; it unites directly with chlorine, bromine, 
OKygen, sulphur, and nitrogen. 

Vrystallized bor<yn ia formed when the oxide, chloride, or fluoride is 
reduced by aluminium; or when the amorphous variety is heated with 
aluminium to a high temperature, without contact of air. The product 
varies in color from a deep garnet red to a faint, almost coloriesB, yci- 
low. The crystals are quadratic prisms, more or less transparent as 
they are lighter or darker in color; very hard and capable of refracting 
light strongly; sp. gr., 2.C8. When strongly heated in oxygen, it first 
awetls up, and finally burns at a high temperature. It genorally contains 
small quantities of carbon and aluminium. Like amorphous boron, it burns 
readily in an atmosphere of chlorine. It also has a marked tendency to 
combine with nitrogen, being capable, at elevated temperatures, of de- 
composing ammonia, from which it removes the nitrogen, to form the 
nitride, BN, while hydrogen is liberated. It is not dissolved by any aoid. 
It forms an alloy, or compound, with platinum, which is much more fusi- 
ble than is that metal. 



Boron Trloxlde. 

Soric anhydride — Soracic anhylriih — B^O^ 
pound of boron with oxygen, is obtained by heating b' 



a platinum vessel until all v 
cooling as a transparent, glass 
teat in blowpipe analysis. 



) mass, which . 



Borlo Adds. 



Quite a number of acids of boron have been described, either free 
as saltd, all of which are hydrates of the trjoxide, and all derivable from 
the tribasic or orthoboric Hcid, by loss of the elements of water. Of these 
the most important are ortho-, meta-, and tetraboric, or pycobo^xti, wivia- 
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Orthoboric acid — Boracic acid — Boric acid — ^BO.H, — exists in nature 
in volcanic regions, notably in Tuscany. In this region, formerly the main 
source of supply of boracic acid and of borax, jets of steam, known as 
sujffiofiij escape through fissures in the earth on the hillsides. Over these 
are built a scries of shallow basins, through which the vapors are made to 
pass, and from one to another of which water passes slowly by gravity, 
and in its course becomes charged with boracic acid, which is then con- 
verted into borax. 

To obtain the acid, a boiling, concentrated solution of borax is slowly 
decomposed with an excess of sulphuric acid; on cooling the acid crystal- 
lizes out. 

Orthoboric acid is in the form of brilliant, crystalline plates, unctuous to 
the touch; odorless; slightly bitter; soluble in twenty-five parts of water at 
10°; soluble in alcohol, the alcoholic solution burning with a green flame. 
If an aqueous solution of borio acid be distilled, a portion of the acid is 
carried over with the Stqueous vapors. Its solution exhibits an acid reac- 
tion with litmus paper, vet it turns turmeric paper brown, a change of 
color produced by tne alkalies. 

If orthoboric acid be heated for some time at 80°, it loses the elements 
of a molecule of water, and is converted into metaborio acid, BO,H: 

BO,H,=H,0-f-BO,H. 

If, however, it be heated to about 100° for about eight days, four mole- 
cules unite with loss of five molecules of water: 

4BO,H,=5H,Oh-BP,H,, 

Tetraboric acid or Pyroboric acid, B^O^H, — is a substance of little in- 
terest in itself, but whose sodium salt is the most important compound of 
boron. Another tetraboric acid, B^O,H^, has also been described. 



Compounds of Boron "with Mements of the Chlorine Group. 

The fluoride, bromide, and chloride have been described. 

Boro7i JtuoridCy BF, — is prepared by heating together boron trioxide, 
fluor-spar, and sulphuric acid. It is a colorless gas; fuming when exposed 
to the air; very soluble in water, with which it enters into combination, a 
part of the boron separating as boron trioxide, while an acid liquid re- 
mains, which contains hydrofluoboric acid, BF^H. The fluoride is not 
decomposed at a red heat, but is by the alkaline metals in excess, with for* 
mation of an alkaline fluoride and elementary boron. It carbonizes or- 
ganic matter, as does sulphuric acid. 

Boron cfdoride, BCl, — is obtained by heating dry amorphous boron in 
a current of chlorine, and passing the vapors into a well-cooled receiver. 
It is a colorless, mobile liquid; boils at 17°; sp. gr. 1.35. It is capable of 
uniting with ammonia to form a crystalline compound. It is completely 
decomposed by water, with formation of orthoboric and hydrochloric acids. 

Boron bromide^ BBr,. — Formed bv the action of vapor of bromine 
upon a mixture of boron trioxide and ciiarcoal heated to redness. A thick, 
colorless liquid; boils at 90°; sp. gr. 2.69. 



V. CARBON' GROUP. 



Cabbon C . . 

Silicon Si . . 
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The two elements composing this f;roup are of great interest, and are 
closely related to eaeb other by rcseinbluiiucs in llieir clietnical and physi- 
cal properties, They are both quadrivalent, and form hydrogen com- 
))Ound3 in which one atom of carbon or silioon is combined with four 
atoms of hydrogen. The saturated oxide of each is the anhydride of a 
dibasic acid. 1 hey are both soiid and combustible, and each oocurs in 
three distinct allotropio conditions, one amorphous, one graphitoid, and 
one crystalline. The resemblances existing between their compounds are 
close, so far as they go. But the compounds of silicon with ivhich we 
are acquainted are by no means as numerous as those of carbon, although 
the reoent researches of Friedel would indicate that, in this respect also, 
the relationship between the two elements will be found to be close. 

In the following tablo the aoatogies between some of the compounds 
of the two elements are shown ; 

OH.— CO— CO, — CO.H, —COL —CHOI, —CHI. — O.Cl.— CS,. 
8iH,— SiO.— SiO.H— SiCl— SiHCf— SiHI,— S1.CI,— SiS.. 
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An element known from remote antiquity in all its three atlotropic 
forms, whose chemioal identity and elementary nature were, however, 
first rocognizod by Lavoisier, It ooours in naturo in ail of its elementary 
forms, and in combination in the three kingdoms of nature, it being the 
element especially characteriatio of such substances as exist only in an!* 
mal and vegetable bodies. 

Its thre« allotropic forma differ from each other widely in appearance 
&nd in other physical properties; they occur in nature as : Ist, diamond ; 
Sd, graphite; 3d, coal. 

jDiamonii. — Occurs in nature in octahedral crystals, in India, Brazil, 
Australia, and South Africa. It has also been found in North Carolina 
and in Georgia, in alluvial sand, clay, sandstone, or conglomerate. There 
remains little doubt that diamonds have also been obtained artificially, 
but, owing to our inability to cause the formation to take place under 
proper physical conditions, or to their too rapid formation, diamonds of 
very small size only have been thus far obtained. 

Diamonds are usually colorless or slightly yellowish, sometimes yel- 
low, blue, green, pink, brown, or black. The more faintly colored are 
transparent and have a brilliant lustre or fire, which is cnhnncod by the 
operation of cutting and polishing, which cou slats ia multiplying the quid- 
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ber of facets, or surfaces, of the stone, by holding it, suitably sapported, 
ill contact with a quickly revolving metal plate, coated with oil and dia- 
mond dust. 

The diamond refracts light to a greater decree than any other trans- 
parent solid, and it is chiefly to this property that its great brilliancy is 
tlue. Its index of refraction is 2.47 to 2.75. 

It is the hardest known substance, the solid approaching it most 
nearly in this respect being crystallized boron. It is very brittle, a bad 
conductor of heat and of electricity ; sp. gr. 3.50 to 3.55. When very 
strongly heated in vacuo it swells up, leaving a black mass resembling 
coke; if heated in oxygen it ignites and unites with the oxygen to form 
carbon dioxide. 

Diamonds, whose size, color, or imperfections render them unfit for 
purposes of luxury, are known as borty and are used, either whole or pow- 
dered, for a variety of purposes in the arts where great hardness is 
required, as in the polishing, drilling, etc., of diamonds and other hard 
stones, in dressing millstones, in cutting glass, etc. 

In weighing diamonds a special arbitrary unit, called the canUy is 
used, which is equivalent to four troy grains, or about 0.25 gram. In 
the cutting a diamond loses two-thirds or more of its weight. The 
largest cut diamond known is the Orloff, belonging to the Emperor of 
Russia, which weighs one hundred and ninety-five carats (one and five- 
eighths ounce); it is said to have weighed before cutting seven hundred 
and seventy -nine carats, or nearly six and one-half ounces. 

The diamond is almost pure carbon, containing a mere trace of silex 
and ferric oxide. 

Graphite, — A variety of carbon, almost as free from foreign admix- 
ture as is the diamond, and like it, occurring in the crystalline form, yet 
widely differing from it in its physical properties. 

It is soft enough to be scratched by the nail; crystallizes in hexagonal 
plates; is opaque and of a dark gray color, is greasy to the touch, and 
stains any light-colored substance upon which it is rubbed; is a good 
conductor of electricity, and a bettor conductor of heat than the diamond* 
It contains from one to two per cent, of impurities. 

Graphite has been obtained artificially. Molten cast-iron dissolves 
carbon to a limited extent, and, if it be allowed to cool slowly, the carbon 
separates in the form of crystals, identical in appearance and properties 
with those of native graphite. These crystals may be separated from the 
iron by dissolving the latter in hydrochloric acid. 

Graphite is extensively mined in England, Siberia, and the United 
States, and is used in the arts, under the names bktck lead and plumbago^ 
in the manufacture of pencils, crucibles, stove-polish, etc., and in electro- 
typing. 

Amorphous carbon exists in nature in enormous deposits, the re- 
mains of vegetable life of past ages, in the form of the different varieties 
of coal, which contain from eight to twenty-five per cent, of substances 
other than carbon. Anthracite coal is hard and dense; it does not flame 
when burning; is difficult to kindle, but gives great heat with a suitable 
draught. It contains eighty to ninety per cent, of carbon, and is some- 
times known as stone-coal. Hituminous coal varies greatly in appear- 
ance, and differs from anthracite in that, when burning, it gives off gases 
which produce a fiame. Some varieties are quite soft, while others, such 
&sjety which is a kind of lignite, are hard enough to assume a hiffh pol- 
ish. It is usually compact in texture, and very frequently contains im- 
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pressions of leaves, fruits, and otiior parla of vegetables. It contains 
about sevonty-fivo per oent. of carbon. 

Besides these forms in which carbon occurs in nature, it ia artificially 
prepared for use in the arts, by [he decomposition of substances rich in 
carbon. The kinds of artificial coal differ from each other according to 
the different composition of the substanees in whose decomposition they 
have their origin. Ordinary, or vegetable c/iarcoal, is obtained by burn- 
ing woody fibre with an insufficient supply of air, either incidentally ia 
the distillation of wood, or as a separate industry. It is brittle and so- 
norous; has the form of the wood from which it was obtained, and retains 
all the mineral matter present in the woody tissue. Its specifio gravity 
is about 1.57. It has the power of condensing within its pores odorous 
substances and largo quantities of gases: 90 volumes of ammonia, 55 of 
hydrogen sulphide, 9.25 of oxygen. This property is taken advantage 
of in a variety of ways. Its power of absorbing odorous bodies ren- 
ders it valuable as a disinfecting and filtering agent, and in the pre- 
vention of putrefaction and fermentation of certain liquids. It is with 
this view that the interiors of barrels intended to hold wine, beer, or 
water, are carbonixed. Certain odorous culinary operations are rendered 
inodorous by the introduction of a fragment of charcoal into the pot. 
The efficacy of charcoal as a filtering material is due also, in a great 
measure, to the oxidizing action of the oxygen condensed in its pores; in- 
deed, if charcoal bo boiled with dilute hydrochloric acid, dried, and heated 
to redness, the oxidizing action of tho oxygen, which it thus condenses, 
is very energetic 

Lamp-black is obtained by incomplete combustion of some resinous 
or tarry substance, the smoke or soot from which is directed into suitable 
condensing-ahambcra. It is a light, amorphous powder, and contains a 
notable quantity of oily and tarry material, from which it may be freed 
by heating in a covered vessel. It is used in the manufacture of printer's 
ink. 

Coke is the substance remaining in gas-retorts after the distillation of 
bituminous coal in the manufacture of illuminating-gas. As all sub- 
stances capable of 3'ielding gases when heated have been driven off, coke 
does not possess the property of flamingwhen burned. It is a hard, gray- 
ish Gubstance, usually very porous, dense, and sonorous. When iron re- 
torts are used, a portion of the gaseous products are decomposed by con- 
tact with the hot iron surface, upon which there is then deposited a layer 
of very hard, compact, grayish carbon, which is a good conductor of elec- 
tricity, and furnishes tho best material for making the carbons of galvanic 
batteries and the points for the electric light. It does not form when 
gas is made in clay retorts. 

Animal charcoal ia obtained by calcining animal matters in closed ves* 
Sels; if prepared from bones it is known as bone-black; if from ivory, ivory' 
black ; the latter ia used as a pigment, the former as a decolorizing agent. 
Bones yield about sixty percent, of bone-black, which contains, besides 
carbon, nitrogen and the phosphates, and other mineral substances of tho 
bones. It possesses in a remarkable degree the power of absorbing 
coloring matters, for which purpose it is largely used in sugar- refining. 
When its decolorizing power ia lost by saturation with pigmentary bodies, 
it may be restored, although not completely, by calcination. For curtain 
purposes in the laboratory purified animal charcoal, i. e., freed from min- 
eral matlf-r, is required, and is obtained by extracting the commercial 
articln with hydrochloric acid and washing it thoroughly; its decotoriziDg 



\ 
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power is diminished by this treatment. Animal charcoal has the power 
of removing from a solution certain crystalline substances, notably the 
alkaloids, and a method has been suggested for separating these bodies 
from organic mixtures by its use. 

The most notable chemical property of carbon is the readiness with 
which it unites with oxygen at hi^h temperatures — a property of the ele- 
ment not only in its three simple forms, but also in most of its com- 
pounds. The product of the union is carbon dioxide, if the supply of 
oxygen is sufficient; if oxygen be present in more limited quantity, carbon 
monoxide is formed. 

The affinity of carbon for oxygen renders it a most valuable reducing 
agent. Many oxides, when heated with charcoal, are reduced with for- 
mation of carbon dioxide: 

2CuO + C = 2Cu + CO, 

Caprio Cwbon. Oopper. Carbon 

cndde. dkMdda. 

The reducing power of oxygen is utilized in many processes in the 
arts, as in the working of iron and other ores. 

If a current of steam be passed over strongly heated coke, the watery 
vapor is reduced, hydrogen and carbon monoxide being formed — 

H,0-hC=CO+H„ 

a reaction utilized in the manufacture of an illuminating gas, known as 
water-gas. 

At elevated temperatures, about 1000°, carbon also unites directly 
with sulphur to form a volatile liquid— carbon disulphide. 
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COMPOtTNDS OF CARBON. 
Organic Substances. 

tn the seventeenth and eighteenth centuries, chemists had observed 
that there might be extracted from animal and vegetable bodies substances 
which diffijred much in their properties from those which could be ob- 
tained from the mineral world; substances which burned without leav- 
ing a residue, and many of which were subject to the peculiar changes 
wrought by the processes of fermentation and putrefaction. It was not 
until the beginning of the present century, however, that cliemistry was 
divided into the two sections of inor^fania and organic. 

In the latter class were included all such substances as existed only in 
the or^auiied bodies of animals and vegetables, and which seemed to be 
of a different essence from that of mineral bodies, as chemists had been 
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s of carbon being that substances containing o 
arbouic acid and marsh-gas, were formed in the 
insequently, according to then existing views, 
oouid not be considered as orf/anic. Illogical as such a distinction is, we 
find it still adhered to in text-books of verv recent date 

The notion that organic substances could only be formed by some mys- 
terious agency, existing only in organized beings, was finally exploded by 
the labors of WOhler and Kolbe. The former obtained urea from ammo- 
tiium cyanate; while the latter, at a subsequent period, formed acetic 
aoid, using in its preparation only such unmistakably mineral substances 
as coal, sulphur, aqua regis, and water. 

During the half-century following Wohler'a first synthesis, chemists 
have succeeded not only in making from mineral materials many of the 
substances previously only formed in the laboratory of nature, but have 
also produced a vast number of carbon compounds which were previously 
unkno^i, and which, so far as we know, have no existence in nature. At 
the present time, therefor, we must consider as an organic substance Any 
compound containing carbon, whatever may be its origin and whatever its 
properties. Indeed, the name organic is retained merely as a matter of 
convenience, and not in any way as indicating the origin of these com- 
pounds. Although, owing to the great number of the carbon compounds. 
It is still convenient to treat of them as forming a section by themselves, 
their relations with the compounds of other elements is frequently very 
nlose; indeed, within the past few years, compounds of silicon have been 
obtained, which indicate the possibility that that element \s capable of 
fonning series ot compounds us interesting in numbers and variety aa 
tbosA of carbon. 

Nevertheless, there are certain peculiarities exhibited by carbon \n its 

compounds, which are not possessed to a like extent by any other clement, 

10 
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and which render the study of organic substances peculiarly interesting' 
and profitable. 

In the study of the compounds of the other elements, we have to deal 
with a small number of substances, relatively speaking, formed by the 
union with each other of a large number of elements. With the organic 
substances the reverse is the case; for, although compounds have been 
formed which contain carbon along with each of the other elements, the 
great majority of the organic substances are made up of carbon, combined 
with a very few other elements, hydrogen, oxygen, and nitrogen occurring 
in them most frequently. 

It is chiefly in the study of the carbon compounds that we have to deal 
with radicals (see p. 17). Among mineral substances there are many 
whose molecules consist simply of a combination of two atoms; among 
organic substances there is none which does not contain a radical; indeed, 
organic chemistry has been defined as 'Hhe chemistry of compound 
radicals." 

The atoms of carbon possess in a higher degree than those of any other 
element, silicon possibly excepted, the power of uniting with each other, 
and in so doing of interchanging valences. Were it not for this property 
of the carbon atoms, we could have but one saturated compound of carbon 
and hydrogen, CH^ or, expressed graphically: 

H 

H— C— H. 

I 
H 

There exists, however, a great number of such compounds, which differ 
from each other by one atom of carbon and two atoms of hydrogen. In 
these substances the atoms of carbon may he considered as linked together 
in a continuous chain, their free valences being satisfied by atoms of hy- 
drogen; thus: 



H 


H H 


H H H H 


H C— H 


H C— d-H 


hUU: 


,1 


1 1 
H H - 


I 1 1 

H H H H 



H 



If now one atom of hydrogen be removed from either of these combina- 
tions, we have a group possessing one free valence, and consequently 
univalent. The decompositions of these substances show that they con- 
tain such radicals, and that their typical formulaB are: 



\: "•!•}= "•!•}• 



HoHOLOGOUS Series. 

It will be observed that these formulae differ from each other by CH,, 
or some multiple of CH , more or less. In examining numbers of organic 
substances, which are closely related to each other in their properties, we 
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find that wo can arrange tho great majority of them in series, each term 
of which differs from the one below it by CH,; such a series is called an 
homologous series. It will be readily understood that such an arrange- 
ment in series vastly facilitates the remembering of tho composition of 
organic bodies. In the following table, for example, are given the satu- 
rated hydrocarbons and their more immediate derivatives. At the head 
of each vertical column is an algebraic formula, which is the general 
formula of the entire series below it; n being equal to the numerical 
position in the series. Tho chemist is not obliged to burden his memory 
with all the formulse in the table, but simply to remember the algebraic 
formulae. The name of the substance conveys, in most instances, to his 
mind the series to which it belongs, and its position in that series; and 
by the aid of the algebraic formula, or general formula as it is called, its 
composition is found in a moment. 



Homologous Series. 



Si^torated hydro- 

CMrbonA, 

OnH,«-f,. 


AloohoK 
CnUa>+aO. 


Aldehvde^ 
CnHa.O. 


Add«, 
CnllaBO,. 


KcstODMf 

CiiH,.0. 


CH4 

G.H. 
G.H. 

G4H10 

GftHis 
G«H|4 
G,H.. 

GfHie 
G»Hao 

G10H39 

CiiHa4 

C|»Hae 
GijH'i8 

GmHio 


CH4O 
CaH.O 

G,H.O 

G4H,oO 

G»H„0 

O.HmO 

0,H,.0 

G«H,fcO 

GvBLaoO 
GioUaiO 


G,HcO 

C4H^0 

G»Hi„0 

G»H,-0 

G,HhO 

G.H,.0 


GOaH, 

GaOaH4 

G.O.H. 

G40,H, 

G»0,H,« 

GeO^His 

G,OaHu 

GbOgHifl 

G.OaH,. 
G10O3H.20 

Gi80aHa4 


• • • • • • 

G,H.O 
G«H,0 
GftH.oO 



But the arrangement in homologous series does more for us than this. 
The properties of substances in the same series vary in regular gradation 
according to their position in the series; thus, in the series of alcohols in 
the above table, the boiling-points of the first six are, 66.5°, 78.4°, 96.7°, 
111.7°, 133.2°, 153.9°; from which it will be seen that the boiling-point 
of any one of them can be determined, with a maximum error of 3°, by 
taking the mean of those of its neighbors above and below. In this way 
we may prophecy, to some extent, the properties of a wanting member 
in a series before its discovery. The terms of any homologous series 
must all have the same constitution^ i. e., their constituent atoms must be 
similarly arranged within the molecule. 



IsoMEBisM — Metamerism — Poltmebism. 

Two substances are said to be isomeric, or to be isomeres of each other, 
when, upon analysis, they prove to have the same centesimal composition. 
If, for instance, we analyze acetic acid and methyl formiate, we find that 
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each body consists of carbon, oxygen, and hydrogen, in. the following 
proportions: 

Carbon 40 24=12 x2 

Oxygen 53.33 32=16x2 

Hydrogen 6.C7 4= 4x1 

100.00 GO 

This similarity of centesimal composition may occur in two ways: 
the two substances may each contain in a molecule the same numbers of 
each kind of atom ; or one may contain in each molecule the same kind of 
atoms as the other, but in a higher multiple. In the above instance, for 
example, each substance may have the composition C,H^O,; or one may 
have that formula and the other, C,Hj,0„ or C,H^O- x 3. In the former 
case the substances are said to be tnetameriCy in the latter polymeric. 
Whether two substances are metameric or polymeric can only be de- 
termined by ascertaining the weights of their molecules, which is usually 
accomplished bv detennining the specific gravities of their vapors (sec 

The specific gravity of the vapor of acetic acid is the same as that of 
methyl formiate, and, consequently, each substance is made up of mole- 
cules, each containing C,H^O,. But the two substances differ from each 
other greatly in their properties, and their differences are at once indi- 
cated by their typical or graphic formulae: 

<c.H.ov|o „. (0HOj;jo, 

or graphically: 



CH. H 

and I 

H CO.OCH,. 



COO.: 



Polymeric substances^ although they yield the same result upon cen- 
tesimal analysis, possess different molecular weights, that of one being a 
simple multiple of that of the other. Acetic acid and grape-sugar, on 
analysis, both prove to have the same centesimal composition: 

Carbon 40. 12 

Oxygen 53 .33 16 

Hydrogen G.C7 2 

100.00 30 

but the molecular weight of acetic acid is 60, or 12x2-1-16x2-1-1x4, 
and its composition is therefor C,0,H^. The molecule of grape-sugar 
weighs 180, or 12x6-1-16x6-1-1x12, and its composition is therefor 
C.O.H.,. 

Clasrification op Organic Substances. 

As the compounds of the other elements may be divided into classes, 
such as acids, bases, salts, etc., according to their chemical functions, the 
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oompoands of carbon ulso arrange themselves into certain vell-dGdiicd 
groups, called by the French clicmists functiona — a term which it would 
be well to introduce into our own iiomeRolature. The properties of the 
functions of organic substances do not depend, like those of other ooin- 
pounda, upon the kind of atoms of which they are composed, but rather 
upon the arran^^ement of the atoms within the molecule; and in this 
point we 6iid the most prominent distinction between organic and mineral 
substances. Arsenic, for instance, is poisonous in whatever form of 
chemical combination it may be, provided only that it can be rendered 
iluble, and therefor capable of absorption. Carbon, oxyf^en, and hydrc 



pin. 



a the other hand, combine with each other to form substances hav- 



iDg the most diverse action upon the economy — the fats and sugars, 
ordinary articles of food, on the one hand, and substances having such 
marked toxic powers as ether and oxalic acid, on tiie other — the differ- 
ences between the properties of the two substances depending entirely 
upon the numbers and positions in the molecule of the same kind of atoms. 
Before entering upon the consideration of the individual compounds, 
and to render what follows intelligible, wo must briefly describe the gen- 
eral properties of these different functions. 

Derivatives ov thk Saturated Hydkocahboxs — CoMrouNoa of- Um- 

VALKNT RaDICAUI. 

Snturatfd hi/dronarboiu. — A hydrocarbon is a compound consisting 
of carbon and hydrogen onli/, and it is etUurated when all the valences of 
the constituent atoms are satislied. These substances belong to the 
homologous series of which marsh-gas is the first term, and which has 
the general formula, C„H,.^,, Like all other saturated compounds, 
their composition cannot be modified by addition, i. e., by the simple in- 
sertion of other atoms into the molecule; they may, however, be modified 
by tuhttitiition, i. e., by the removal of one or more of their atoms, and 
the substitution therefor of one or more atoms of a different kind. Their 
compositiou is expressed by the typical formula: 

C.H,.jj|,.,(»^)J 

The groups C.H +,, containing one unsatisfied valence, are univa* 
lent, and are the radictiU of which those hydrocarbons are the hydrida. 
These uiiivalent radicals, more or less modified by substitution, enter into 
the composition of a vast number of important substances, which are thus 
said to be dertoativea of this series of hydrocarbons. These radicals are 
also sometimes designated as idcoholic, as they exist in the series of sub- 
Btanoes of which ordinary alcohol is the type. The members of this series 
are sometimes called paraffined, from the occurrence of the higher terms 
in the commercial product of that name and in petroleum. 

Chlorides, Bromides, and Todides. — The radicals of this series behave 
in many respects like atoms of a univalent, electro-positive element, and, 
like them, are capable of uniting with an atom of chlorine, bromine, or 
iodine, to form chlorides, bromides, or iodides. 



L 



(C.HJ'H +Br, = (0,H.)'Br+Brn 

Khil BrooUDa. Bibyl Hvdnvca 

bjdiLla. bmiiila. bmoiid*. 



K 
H 
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These substances are also designated as haloid ethers^ oorrespondingy 
as they do, with the haloid salts. Several of them are used medicinally. . 

Alcohols, — The name alcohol, formerly applied only to the substance 
now popularly so called, has gradually come to be used to designate a 
large class of important bodies, of which vinic alcohol is the representa- 
tive. These substances are mainly characterized by their |>ower of enter- 
ing into double decomposition with acids, to form neutral compounds, 
called compound ethers, water being at tiie same time formed, at the 
expense of both alcohol and acid. They are the hydrates of the alcoholic 
radicals, and as such resemble the metallic hydrates, while the compound 
ethers are the counterparts of the metallic salts: 

Xfchyl hydrate. Aoeticadd. Ethyl aoetate. Water. 

Jo+(C.H.O)|o^(C,H.O)|o^H|o 

Potauiam Acetic add. Potassiiua Water, 

hydrate. acetate. 

As the metallic hydrates may be considered as formed by the union 
of one atom of the metallic element with a number of groups OH', cor- 
responding to its valence, so the alcohols are formed by union of an un- 
oxidized radical with a number of groups OH', equal to or less than the 
number of free valences of the radical. When the alcohol contains one 
OH, it is designated as tnonoatot?iic/ when two, diatomic/ when three, 
triatoniiCy etc. 

The simplest alcohols are those derivable from the saturated hydro- 
carbons, and having the general formula C,H,^+,0, or C^H^^jOH. The 
terms of this series, which contains vinic alcohol, may be formed synthet- 
ically : 

t\rst, — ^By acting upon the corresponding iodide with potassium hy- 
drate: 

C,HJ.|-KHO=KI+C,H,OH. 

Second, — From the alcohol next below it in the series, by direct addi- 
tion of CH,, only, however, by a succession of five reactions. 

Third, — By the action of sulphuric acid and water upon the corre- 
sponding hydrocarbon of the scries CnH^. 

The saturated monoatomic alcohols are, however, not limited to one 
corresponding to each alcoholic radical. It has been found that there 
exist — corresponding to the higher alcohols — a number of substances 
having the same centesimal composition and the same alcoholic prop- 
erties, and differing only in their physical characters and in their pro- 
ducts of decomposition and oxidation. These isomeres have been the 
subject of much careful study of late years. It has been found that the 
molecules of methyl, ethyl, and other higher alcohols are made up of the 
group (CHjOH)' united to H or to C»H,»4.j, thus: 



CH.OH 


CH,OH 


CH.OH 


i 


• 

CH. 


C,H. 


Kethylalooliol. 


Bthyl idoohoL 


Propyl aloohoL 



COMPOUNDS OF CABBON. 151 

and all monoatomio alcohols containing this group, CH^OH, have been 
designated as primary cdcohoU, Isomeric with these are other bodies, 
which, in place of the group (CH,OH)', contain the group (CHOH)", 
which are distinguished as secondary alcohols. Thus we have: 



CH. 
(CH.OH)' I 

I (CHOH)" 

^^- L. 

C.H.0 C.H.0 

Primaxy Seooodary 

propyl alouhoL propyl alcohoL 



And, further, other substances are known, which contain the groui> 
((JOil)'", and which are called tertiary alcohols, thus: 

(CH,OH)' C.H. CH, 

C\H, (CHOH)" (C,H,)— (COH)'" 



C.H. CH. 

C.H..0 C.H.,0 C.H.,0 

Frinuiry amyllo Secondary amyllo Tertiary amyllo 

alcohoL aloohoL aloobol. 

The alcohols of these three classes are distinguished from each other 
principally by their products of oxidation. Tiio primary alcohols yield 
by oxidation, first an aldehyde and then an acid, each containing the 
same number of atoms of carbon as the alcohol, and formed, the aldehyde 
by the removal of H, from the group (CH,OH), and the acid by the sub- 
stitution of O for H, in the same group, thus: 

CH.OH COH COOH 

CH, CH, CH, 

Ethyl alooboU Bthyl aldehyde. Aoetlo add 

In the case of the secondary alcohols, the first product of oxidation is a 
ketonCy containing the same number of atoms of carbon as the alcohol, and 
formed by the substitution of O for HOH in the distinguishing group: 



CH, CH, 

HOH CO 



A 



I I 

CH, CH, 

Secondary pnH>yl Propyl ketone 

alcohol. oraootoaa. 

The tertiary alcohols yield by oxidation ketones or acids, whose mole- 
cules contain a less number of atoms of carbon than the alcohol from 
which they are derived. 
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But the com plication does not end here; isomeres have been foand to 
exist corresponding' to the higher alcohols, which are themselves primary 
alcohols, and contain the group (CH,OH)'. It has been shown by recent 
investigation that there exist no less than seven distinct substances^ all 
having the centesimal composition of aniyl alcohol, C^H,,0, and the prop- 
erties of alcohols; and theoretical considerations point to the probable ex- 
istence of an eighth. Of these eight substances, four are primary , three 
secondary alcohols, and the remaining one a tertiary alcohol. As each of 
these bodies contains the group of atoms characteristic of the class of 
alcohol to which it belongs, it is obvious that the differences observed in 
their properties are due to differences in the arrangement of the other 
atoms of the molecule. Experimental evidence, which it would require 
too much space to discuss in this place, has led chemists to ascribe the 
following formulas of constitution to these isomeres: 

Primary amylic alcohols : 

CH,— CH,— CH,— CH,— CH„OH 

NomuJ unylic alooliol. 

^2»N:H— CH,— CH„OH 

Actire amyllc aloohol of formentatioo. 

CH.— ChI/^^— ^^"^^ 

Inactire amylio aloohol of fermentatioii. 

CH.\ 

CH.— C— CH„OH 

CH./ 

Unknown. 

/Secondary amylic alcohols : 

chI— chI/^^'^^ 

Diethyl caibinol. 

CH,— CH— CH|/^^'^^ 

Ifethyl-propyl oarbinoL 

CH.N^g'ScH.OH 

If ethyl-iiopropyl oaxbinol. 



Tertiary amyl alcohol : 



CH.\ 
CH,— C,OH 
CH,— CH,/ 



For alcohols of other series, see pp. 230, 274. 

Simple Ethers. — ^These bodies are the oxides of the alooholio radicals. 
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and in constitution bear the same relation to the alcohols that the oxides 
of basjlous elements bear to their hydrates: 

Ethjl oxide Bthyl hydrata 

(ethyUo ether). (lUoohol). 

PotMiiam oxide. Fotaniam bydmta. 

When the two alcoholic radicals are the same, as in the above in- 
stance, the ether is designated as simple; when they are different, as in 

CH ) 
methyl-ethyl oxide, p u' r O, they are called mixed ethers. 



Monobasic Adda. — By the action of oxidants upon the primary mono- 
atomic alcohols, one atom of oxygen is substituted for H in the group 
GH,OH, with the formation of substances having the functions of acids, 
and containing in each molecule one atom of replaceable hydrogen: 

CH,— CH— CH— CH— CH„OH 

Nonnal amylio alcohol. 

CH,— CH.— CH,— CH — CO,OH 

Normal Taterianlo add. 

The introduction of the atom of oxygen communicates electro-nega- 
tive qualities to that portion of the molecule other than OH, to the radi- 
cal; in other words: 



Amylio aloohoL Valerianio aold. 



And it is to this electro-negative nature of the radical, that the substance 
owes its acid nature. 

The acids formed by the oxidation of the primary alcohols, have the 
general formula 

C.H..O., or C-^.-^ } O 

Compound ISthera, — As the alcohols resemble the mineral bases, and 
the organic acids resemble those of mineral origin, so the compound 
ethers are similar in constitution to the salts, being formed by the double 
decomposition of an alcohol with an acid, mineral or organic, as a salt 
is formed by double decomposition of an acid and a mineral base, the 
radical playing the part of an atom of corresponding valence. 

|'}0 + <^%\0 = i}0 + 'N0f>[0 

FMaaliim hjdntei VttilOMld. Wetac Potawlom nitrata. 



154 GENERAL HEDICAL OHSIOBTBT. 

Ethyl hydxmte Nitzloftdd. Water. Kthyl nitnto 

(alouhol). (nitifo < 



(C.H£ [ O + ("AO^ } O = g ( O H- [^f°y \ O 



Sthjl hydrate. Aoetio add. Water. Ethyl 

(aootio ether). 

Aldehydes. — It will be remembered that the monobasic acids are 
obtained from the alcohols by oxidation of the radical: 



(C,iy I o (C.H.O^ I 

Ethyl alcohoL Aoetio aoid. 



These oxidized radicals are capable of forming compounds similar in con- 
stitution to those of the non-oxidized radicals. There are chlorides, bro- 
mides, and iodides ; their hydrates are the acidSy ^ * > tt V O, = acetic 

acid; their oxides are known as anhydrideSy /(^'xj*f)\ r ^ ~ acetic, anhy- 

dride ; and their hydrides are the aldehydes ^ • • yf [■ = acetic aldehyde, 

the name aldehyde being a corruption of alcohol denydrogenatutny from 
the method of their formation, by the removal of hydrogen from alcohol. 
The aldehydes all contain the group of atoms (COH)', and their con- 
stitution may be thus graphically indicated : 





COH 


COH 


Ah. 


CH, 


V 


CH. 


Aoetio aldehyde. 


Fropionio alddiyde. 



Thev are capable, by fixing H,, of reffeneratiug the alcohol ; and, by 
fixing O, of forming the corresponding acid: 



COH 

Ah. 


. CH.OH 

in. 


CO,OH 

Ah. 


Acetic aldehyde. 


BUijIio lOoohol. 


Aoetio add. 



Ketones or Acetones, — Although the aldehydes are not acid in reaction, 
and are not usually regarded as acids, there exists a number of substances 
known as ketones or acetones, which may be regarded as formed by the 
substitution of an alcoholic radical for the hydrogen of the group COH. 
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These substances all contain the group of atoms (CO)", and their con- 
stitution may be represented graphically thus : 





GH, 


"^ 


io 


CH, 


Ah. 


CH. 


Dimethyl ketone 
(Moetone). 


Methyl-ethyl ketone. 



The first being a symmetrical ketone and the latter a non-symmetrical. 
The ketones are isomeric with the aldehydes, from which tney are dis« 
tinguished : 1st, by the action of hydrogen, which produces a primary 
alcohol with an aldehyde, and a secondary alcohol with a ketone: 



COH 

CH, 



+ H. 



Proplonio aldehyde. 



CH, 



i 
i 



Aoetooe. 



A 



CH,OH 



H. 



O + H. = 



H. 



Propyl alcohol. 

CH, 
CH.OH 



leopropyl aloohoL 



2d, by the action of oxygen, which unites directly with an aldehyde to 
produce the corresponding acid, while it causes the disruption of the mole- 
cule of a ketone, with formation of two acids: 



COH 

CH, + 

k. 


C0,04 
= CH, 

(Ih. 


Fropionio aldehyde. 


Ftoplonio aold. 


r 

CO + 0, = 

iu, 

Loetonei 


co.oh co,oh 
i *Ah. 

Fbrmloadd. Aoetioaoid. 



Amines or compound aimmonias. — The monaminea are substances 
which may be considered as being derived from one molecule of ammonia 
by the substitution of one, two, or three alcoholic radicals for one, two, or 
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three atoms of hydrogen. They are designated as primary y seeandaryy 
and tertiary, according as they contain one, two, or three alooholic radicals: 

H H H CH,-CH, 

]^«H N-CH,-.CH. N-CH,-CH, l!r-CH,-CH, 

H H CH,-.CH, CH.-CH. 



NH. (C,H.)H„N (C,HJ.H,N (C.HJ.N, 

EthvlAinli] 
(primary J 



AmmoDiA. Ethylamlne DiothylamixM Trittthybunine 

(MeooadAry). (totiaiy). 



These bodies closely resemble ammonia in their chemical properties ; 
they unite with acids, without elimination of water, to form salts resem- 
bling those of ammonium. They also unite with water to form com- 
pounds, called quaternary ammonium hydrates, similar in constitution 
to ammonium hydrate. 

Although the amines of this series are chiefly of theoretical interest, 
other series contain substances of great practical importance (see p. 346)- 

Amides, — These bodies differ from the amines in containing oxyyen'- 
atedy or acid radicals, in place of alcoholic radicals. Like the amines, 
they are divisible into primary, secondary, and tertiary. They are the 
nitrides of the acid radicals, as the amines are the nitrides of the alcoholic 
radicals. 

The monamides may also be regarded as the acids in which the OH of 
the group COOH has been replaced by (NH,) : 

CH. CH. 

COOH CONH, 

▲oetloikoid. Aoetamide. 

(For other amides see p. 256.) 

Amido-acids or Glycocols. — ^These are compounds of mixed function, 
obtained by the substitution of the univalent group (NHJ', for an atom 
of radical hydrogen of an acid: 

CH, CH.(NH.) 

COOH COOH 

Aoetioadd. Amido-aoetio add ; glycoool. 

Some of them, and many of their derivatives, exist in animal bodies. 
Corresponding to them are many isomeres belonging to other series. 



■ * .^1 

r SATURATED HTDROOASBOHS. ^M 

Series C,H„t,. ^H 

The membera of this series are the most simply constituted of organic ^M 
Biibstaiices. They exist in nature chiefly as products of what is com- ^| 
niouly regarded as the mineral kingdom, and constitute the iiillammable ^H 
gases and rock-oiSa which issue from the earth in Pennsylvania, Uussia, ^H 
and other places. ^H 

The following is a list of the members of this group at present known: ^H 


S™o. 


PonnaU. 


Spedfia B"vity of 
liquid. 


"^^^^ 


Methyl hydride 


CH,H 

arf.H 

C.H,H 
C.H.H 
C,H,,H 
C.FI ,1! 
C,H,.H 
C.H„H 
U.H,.H 

c,.ri,,H 

C„H.,II 
C.H..H 
C"II„H 
C,.H„H 
t!,,H,,H 
C,.H„H 


O.cboatV 
0.628 at 18° 
O.GG9at 18° 
0.000 at 18° 
0.728 at IS" 
0. 7-1:1 at 18° 
0.757 at 18" 
0.766 at 18" 
0.778 at 18" 
0.79Catl8" 
O.S09atl8^ 
0.835 at 18" 


0" 

30° 

68" 

93"— 94" 

UC^—llg" 

]36"-138= 

158"— 163" 

180°— 18-r 

198"— 2O0" 
218"— 220" 
236°— 240° 
258°— 262" 
about 280° 




Propyl hydride 














Undecyl hydride 

DodeoyI hydride 

Tridecyl hydride 

Telradeoyl hydride 

Pentadecyl hydride 

Hexadeoyl hydride 


Methyl Hydride. H 

Methane — 3farsh-ffas — LifffU carlnirUted hydrogen — Fire-4atnp — ^H 

CII, or ^5"' [ .—It is given off from decomposing vegetable matter in ^H 

swamps and bogs. Volta, in 1778, first recogniKed the individuality of ^H 

the inflammable gas observed in such situations. ^H 

The/re-i/rtnjp, which has been the cause of such terrible loss of life ^| 

in coat-mines, is a mixture composed almost entirely of methyl hydride ^H 

1 and air, in varying proportions. In many localities in the vicinity of ^H 

'' lanoes from such formations, there issue largo volumes of inflammable ^H 
hydride, mixed with the higher members of the series. If the latter be ^| 
be utilized for illuminating purposes. Illuminating gas, obtaiaed fra^^^^^| 
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tho distillation of coal, contains frpm thirty-six to fifty per cent, of this 
gas (see p. 287). 

When desired in a state of purity, marsh-gas is best obtained by heat- 
ing strongly a mixture of sodium acetate and sodium hydrate, each one 
party and quicklime one and one-half parts, and collecting the gas over 
ifFater * 

C,H,O.Na-f NaHO= CO.Na, -f CH,. 

Methyl hydride is a colorless, odorless, tasteless gas; very sparingly 
soluble in water; more soluble in alcohol; sp. gr. 0.559A. 

Like all the members of this scries, marsh -gas is a very stable sub- 
stance, and is not readily attacked by reagents; it is for this reason that 
the name paraffirtes (from panwi^ little, and affinUy related to by mar- 
riage) has been applied, particularly to the higher terms of the series, and 
recently to the entire senes. 

At high temperatures it is decomposed into carbon and hydrogen: 

CH,=C+2H,. 

Its decomposition takes place at much lower, but still elevated, temper- 
atures when it is mixed with air or oxygen. It burns in air with a pale 
yellow flame, which is extinguished when cooled. Advantage is taken of 
this in the construction of miners' safety-lamps, in which the flame is en- 
closed in a cage of fine wire-gauze, which, by its cooling effect, prevents 
the transmission of flame from the lamp outward. If a mixture of marsh- 
gas and oxygen (or air) be heated at a single point by the passage of the 
electric spark, or by the approach of a flame, instant decomposition of the 
entire mass takes place, with a violent explosion, and the formation of 
carbon dioxide and water: 

Cn,+20,=CO, + 2H,0. 

The formation of immense volumes of carbon dioxide in this way, in mine- 
explosions, produces what is known to miners as after-damp, usually fatal 
to those who have escaped the violence of the explosion itself. 

Chlorine has no action upon marsh-gas in the dark and cold; under 
the influence of diffuse daylight, however, one or more of the atoms of 
hydrogen are replaced by an equivalent quantity of chlorine. In direct 
sunlight the change takes place with an explosion. The higher terms of 
this series are of interest {)rincipally as constituting petroleum and allied 
bodies obtained therefrom. 



Petroleum. 

(From irlrpay a rock, and oletnn, oil.) Mineral oils have been known 
from tlie remotest antiquity, and were obtained from the vicinity of Agri- 
gentum, in Sicily, from the Island of Zacynthus, in the Ionian Sea, and 
from Persia, for use as a medicine and for burning in lamps. In later 
times petroleum was found in various parts of Europe, Asia, and South 
and North America. It is only, however, since 1859 that rock-oil has be- 
come the commercially important substance that it now is. In 1853 at- 
tention was first drawn to the existence of petroleum in Pennsylvania,* and 
from that date until 1859 attempts were made to obtain the oil by the old 
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IndtnTi methoil of sinking square pits into the earth, in which cloths were 
then placed until saturated with the oil, which was then wrung out. 

In 1850 the oil fever was inaugurated with the sinking of a well sev- 
enty-fivQ feet deep near Titusville, from which ten barrels or four hundred 
ancf thirty gallons of oil were obtained daily. A great number of wells 
were now sunk at various points in the Oil Creek V' alley, and with such 
euecess thnt the production during the first year amounted to eighty-two 
thousand barrels, or over three and one-lialf millions of gnllons. From 
that time to the present the production of oil has steadily increased. 

The produotion is not limited to Pennsylvania, large quantities being 
obtained from Ohio, Western Now York, West Virginia, Lower Canada, 
as well as from California, Burmah, Borneo, and the shores of the Caspian 
Sea. The oil obtained in different localities varies in composition. In 
the American oil districts the oil is obtained from oitherj?ow(«^ or pump- 
ing wells, the former of which yield enormous quantities of oil, but cease 
flowing after a time. The famous Empire well llowed from 1863 to ISQG, 
and yielded two thousand barrels, or eighty-six thousand gallons, per 
diem. In its deposits the oil is associated with salt water and gaseous 
hydrocarbons, forming a layer upon the surface of tho water. When the 
deposit occurs in a closed pocket, the pressure of the gas is suflicient to 
force through a tube penetrating the cavity either water, oil, or gas, ub 
th« end of the tube is in one or another layer. 

Tho crude petroleum, as it comes from the well, is a highly inflammable 
Bubstance, diftering in composition and in physicsl properties in the 
products of different wells, even in the same section of country. It varies 
in color from a faintly yellowish tinge to a dark brown, nearly black, 
with greenish reflections. The lighter-colored varieties are limpid, and 
the more highly colored of the consistency of thin syrup. The specilio 
gravity varies from 0.74 to 0.02. The composition of crude petroleums 
Has been tho subject of a great deal of investigation; they have been 
found to contain all the hydrocarbons mentioned in the list on p. 157, 
(the first of the series, being fouml in the gases accompanying petroleum, 
ia also held in solution by the oil under tho pressure it supports In natural 
pockets), besides hydrocarbons of the olefine series (see p. 227), and of 
th« benzol series (see p. 315). 

Tho crude oil is highly inflammable, usually highly colored, and is 
prepared for Its multitudinous uses in tho arts by the processes of dis- 
tillation and refining; which, in the case of the American oils, are con- 
ducted at the three principal refineries at Cleveland, O., Now York, and 
Pittsburg, Pa., to which points the mixed oils from various wells are 
conveyed by boat, rail, or lines of pipes. 

The process of distillation Is usually so conducted as to divide the 
crude oil into four parts: 

HaplUha sp. gr. 0.700 at 1.5° C 12—15 percent. 

JieneinA sp. gr. 0.730 at 15° C 9 — 12 per cent. 

Jiurning-oil. , . , sp. gr. 0.783 at 15" C. about 60 per cent. 

Seaiduum and loan. about 13 — 10 per cent. 

The naphtlia, also known as petroleum ether, is by further fractional 
dUtillation again subdivided Into other products: 

Rhiifolene, a highly volatile and inllammable liquid, which boils at 
81° C.=70° F., and has a specific gravity of about 0.00=90"— 97" 
BatiiR& It has been used as a substitute for ether to produce cold hy 



100 GBKEBAL MKDIOAL OHEMIBTBT. 

evaporation. It should be kept in a situation where the temperature 
does not rise above its boiling-point, and should be handled with caution, 
as its vapor forms an explosive mixture with air. 

Oaaoliney also obtained from naphtha, boils at 76.6^ C.=170^ F., and 
has a specific gravity of 0.63 — 0.61=80° — 90° Baum6, and is used, as its 
name implies, for the manufacture of illuminating gas. 

'Benzine, or benzoline, is a colorless liquid, boiling at 148^ C.=298^ F., 
having a specific gravity of 0.73=60° Baum6, and a peculiar odor. It is 
largely used in the arts as a solvent for fatty substances. It must not be 
confounded with benzene or benzol, which is a totally different substance, 
obtained from coal-tar (see p. 315). The two substances resemble each 
other in appearance, but maybe distinguished by the following characters: 

Benzoltnb. I Bekzbne. 

Boils at about 140° C, sp. gr. 0.69— 0.73, ! Boils at 80* C, sp. gr. 0.88, or 80* 
or 60° to 70' Banme ; does not ciystallize Bamne; crystaUizes at 3^" C. 
at the freezing-point of water. 

Smells of petr lenm ; doen not sensibly Smells of ooal-tar ; dissolves pitch 
dissolve pitch or absolute carbuUo acid in readily, forming a dark brown solution. 



the cold. 



Is miscible with absolute carbolic add In 
all proportions. 



The most important product of petroleum is that portion which 
]>asses over at temperatures above 183 C, and which constitutes what 
is usually known as kerosene — various other trade-names being applied to 
it in different degrees of purity, and by different manufacturers. In the 
manufacture of these burning-oils care must be had that the more volatile 
compounds are separated, and that the temperature be not pushed too 
liigh; ill the latter case the oil is *^ cracked, " i. 6., the denser oils remain- 
ing in the still are dissociated, forming highly volatile compounds, which 
mix witii the product. In either case the kerosene is liable to give rise 
to accidents, either by igniting, in case the lamp is broken or overturned, 
and, in very bad oils, by forming with air a mixture which may explode 
the lamp. In order to guard against such accidents, laws have gradu- 
ally been framed in various States and countries, regulating the manufac* 
tare, transportation, and storage of these oils. The tests to which they 
arc subjected relate to the temperature at which they give off inflamma- 
ble vapors and that at which they ignite. The tests are applied by 
gradually warming the oil, and noting the temperature, indicated by a 
thermometer plunged in it, at the time when a lighted match, carried over 
its surface, produces a flash, and the temperature when the oil itself 
ignites; the former is known as the ** flashing-point," the latter as the 
"burning-point;" the former is about 5° — 8° C. = 10° — 15° F. below the 
latter. It was formerly supposed that an oil flashing at 43° C.=110° 
F. was safe ; but subsequent experience has shown that kerosene gives 
off explosive vapors at a temperature 5° — 8° C. = 10° — 15° F. below its 
ilash-point, and 14°— 17° C.=25°— 30° F. below its burning-point, and 
serious accidents have resulted from the use of oils of 110 flash. A 
kerosene is now required, therefor, to have a flash-point of 60° C.= 
140° F., and a burning-point of 65.5G. = 150° F.; an oil of lower test is 
unsafe. 

If the oil be colored, as is usually the case, it is purified — refined — by 
heating with sulphuric acid, and then with caustic soda. The neigli- 
borhood of petroleum refineries, as residents of New York are aware, is 
frequently infected with disgusting and deleterious odors, emanating 
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partly from the waste acid used in the refining, and partly from the va- 
pors issuing from the stills when the oil is purposely " cracked," that s 
greater yield of kerosene may be obtained. 

From the residue remaining after the separation of the kerosene, a , 
variety of other products are obtained. J/itbricating oils, of too high i 
boiling-point for use in lamps. P<irnffine, a white, crystalline solid, fusi- 
ble nt 45" — 65°, which is used in the arts for a variety of purposes for- 
merly served by wax, such as the m«nufacture of candles. In the lab- 
oratory it is very useful for coating the glass stoppers of bottles, and 
for other purposes, as it is not affected by acids or by alkalies. It 
odorless, tasteless, insoluble in water and in cold alcohol ; soluble in boil- 
ing alcohol and in ether, fatty and volatile oils, and mineral oils. It ia 
also obtained by the distillation of certain varieties of coal, and is found 
in nature in fossil wax or ozocerite. 

Tho products known as vaseline, coainoline, ^ic, which are now so 
largely used in pharmacy and perfumery, are mixtures of paraffine and 
the heavier petroleum oils. Like petroleum itself, its various commercial 
derivatives are not definite compounds, but mixtures of the hydrocarbons , 
of this series. 



CHLORINfl, BROMHSrE, AND IODINE DERIVATIVES OP 
HYDROCARBONS OF THE SERIES C.H,.,,. 

By the action of bromine upon the hydrocarbons of this series, or by 
the action of hydrochloric, hydrobromio, or hydriodic acid upon the eor- 
responding hydrate, compounds are obtained in which one atom of hydro- 
gen of the hydrocarbon is replaced by an atom of obloHne, bromine, or 
iodine: 





C.H. + Br, = C.H.Br -^ HBr 

hjarWe. bromfct vAi. 




C,H,OH + HCl = C.H.CI + H,0, 

Bth^l HrilFgahUiria Btbil Watn. 


'hese substanc 


es are also known as haloid ethers. 



Methyl C3hIoride— CH.Cl, 

Is obtained as a colorless gas, slightly soluble in water, and having a sweet- 
ish odor and taste, by distilling together sulphuric acid, sodium chloride, 
and methylic alcohol; also, on a commercial scale, from the residues of the 
manufacture of beet-sugar. Under the influence of cold it forms a liquid 
which boils at — 2a°. 

It is inflammable, and burns with a greenish flame. When mixed with 
chlorine and exposed to sunlight, a further substitution of chlorine Cor 
hydrogen takes place. When heated with potassium hydrate, it l 
verted into methyl hydrate. 
11 
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AeoloriefltUqaid; boils mt 13^; tp.gr.'Le&i; bas an etliereal and funtlj 
aDiaeecMU odor; prepared bj tbe combined actkm of phoqihams and fann 
floioe Qpoa metbjl bjdrmte. 



Methyl Iodide— CHJ. 

A colorless liquid; boils at about 45^; sp. gr. 2.237; boms with difli-> 
ealtj, giTiDg off riolet rapors of iodine. It is prepared bj a p ro c ea a sdd- 
ilar to that used for obtaining the bromide. It is used in the labormtorjy 
for tbe introdaction of radical methjl into other compounds; and in the 
arts, in the mannfacture of aniline colors. 



Ethyl Chloride. 

IlydrochJU/ric or muriatic ether^ C,H^CL — A colorless, mobOe liquid; 
boils at 11"; has an agreeable odor; bums with a greenish flame. It is 
obtained hj passing hydrochloric acid gas through ethylic alcohol to satu- 
ration, and distilling over the water-bath. It is used in medicine in alco- 
holic solution; it aUo exists in tr.ferri chloridi. 



Ethyl Bromide. 

ITydrobromie ether ^ C.H^Br. — A colorless liquid; boils at 40.7°; has 
an ethereal odor; a taste at first sweet, afterward disagreeable and burn- 
ing. Obtained by the combined action of phosphorus and bromine on 
etnylic alcohol. Possesses anarothetic properties. 



Ethyl Iodide. 

ITydriodic ether^ ^•^^' — '^^ compound, which is of considerable 
commercial importance since the introduction of the aniline industry, and 
which has also rendered very valuable service in the laboratory, is pre- 
pared by placing thirty-five parts of absolute alcohol and seven parts of 
phosphorus in a vessel surrounded by a freezing mixture, and gradually 
adding thirty-two parts of iodine; when the action has ceased, tne liquid 
is decanted, distilled over the water-bath, and the distillate washed and 
purified. 

It is a colorless liquid; heavier than water; boils at 72.2^; has a power- 
ful ethereal odor, and becomes brown when exposed to the light. It burns 
with difficulty. 

Similarly constituted chlorides, bromides, and iodides of the higher 
radicals of this series have been obtained; they resemble those described 
in their properties and methods of formation. The use of amyl chloride, 
C^II,,C1, as an anaesthetic, has been suggested. 




When chlorine is allowed to act upon marsh-gas, it replaces one or 
more atoms of hydrogen, according to the proportions of the two gases 
and the energy of the reaction. Lf we consider marsh-gas as being the 
hydride ot the radical methyl, the first of these products is the simple 
methyl chloride, already mentioned; the second, the chloride of a radical 
obtained from methyl by the substitution of one atom of chlorine for one 
of its atoms of hydrogen, UH,C1„ etc. The formation of these products 
tnay be indicated thus'. 



CH.+CI, =HCI +CH,CI. 
CH.+2tJI,=2UCl+CH,CI,. 
CH,+3CI,=3HC1+CHC1,. 
CH, + 4C1,=4HC1 + CCl.. 



Considering them as derivatives of tnarsfa-ga«, methyl hydride, tbey 
should be called: tt* 



Ohloi 



CH,C1 ) 



=MethyI hydride = marsh-gas, „j > =M«thyl 



*^^0l} =I^'<'Wor- 



= Monocblormethyl chloride. 
methyl chloride= chloroform. ,,[ [ = Trichlormethyl chloride = tetra- 

chloride of carhou. 
Similar products a 



e formed with bromine and iodine. 



s j)rob- 



Mouochlonnethyl Chloride. 

Mfthene chloride — Methylene e/Uori</e-^I>ichloromethane — CH,C1,CI. 
• — By some chemists considered as the chloride of a divalent radical, 
(CH,)"=methylene, whose existence, however, in this compound ii 
lematical. 

It is obtained by the action of chlorine upon methyl chloride, or by 
shaking an alcoholic solution of chloroform with powdered zinc and a 
little ammonium hydrate, the nascent hydrogen thus formed separating 
a portion of the chlorine as hydrochloric acid. In either case the product 
must be purified. 

It is a colorless, oily liquid; boils at 40° — 42°; sp. gr,, 1.3)}; its odor is 
nimilar to that of chloroform. It is very slightly soluble in water, and is 
not inflammable. 

Under the names bicldoritle of methylene and ehioromethyl, it has 
been used as a substitute for chloroform in the production of anifsthesia, 
and the hope was entertained that it would prove the safer agent of the 
two — a hope which subsequent experience has not justi6ed. In the three 
years following its introduction (18tt&-lt!71) four cases ot death from its 
use were recorded. 



164 OJfiNEBAL MEDICAL C1IEMI8TBT. 



Diohlormethyl Chloride. 



Methenyl chloride — Fbmiyl cMoride — Chloroform — Chloroformnm 
(U. S., Br.) — CllCljCl. — This important oompound was disooyered in 18^31^ 
by Dr. Samuel Guthrie, of Sackett's Harbor, N. Y., and at about the 
same time by Liebig, in Gennany, and by Soubeiran, in France. 

It is obtained by heating to 40^, in a capacious still, thirty-five to 
forty litres of water, adding five kilos of recently slacked lime and ten 
kilos of chloride of lime; two and one-half litres of alcohol are then added, 
and the temperature is quickly raised until the product begins to distil 
over, when the fire is withdrawn, the action continuing of itself until to- 
ward the end, when heat is again applied. By this process the crude 
chloroform of the dispensatory, Chloroformwn venale (U. S.), is obtained. 
It is still very impure, and, to purify it, it is first shaken with sulphuric 
acid, from whicli it is separated by dccantation, then thoroughly mixed 
with alcohol and recently ignited potassium carbonate, the mixture 
shaken, and redistilled at the temperature of the water-bath; the distillate 
is pure chloroform. 

Chloroform is a colorless, volatile liquid, having a strong, agreeable 
ethereal odor, and a sweet taste. It is heavier than water (sp. gr. 1.497); 
very sparingly soluble in water; miscible with alcohol and ether in all 
jiroportions; boils at GO.S'^. It ignites with difficulty, but may be burned 
from a cotton wick, giving a red, smoky fiame, bordered with green, 
which gives off vapors of hydrochloric acid. It is a good solvent for 
many substances insoluble in water — phosphorus, iodine, fats, resins, 
caoutchouc, gutta-percha, and the alkaloids. 

Chloroform is not acted on by concentrated sulphuric acid, except by 
long contact, when hydrochloric acid is given off. Chlorine, under tho 
influence of direct sunlight, converts it into tetrachloride of carbon, CCl,, 
and hydrochloric acid. It is nut attacked by the alkalies in aqueous so- 
lution; but when heated with them in alcoholic solution, it is decomposed 
with formation of chloride and formiate of tho alkaline metal. If a 
small quantity of aniline be ])resent during the action of the alcoholic 
solution of the alkali upon chloroform, isobenzonitril is formed, and may 
be recognized by its peculiar odor. Perfectly pure chloroform is not 
altered by exposure to light; but if it contain compounds of nitrogen, 
evtMi in very minute quantity (derived from impurities in the sulphuric 
acid used in its purification), it is gradually decomposed, when exposed 
to direct sunlight, into hydrochloric acid, chlorine, and other substances. 

Tiie most notable property of chloroform is its power of producing 
ana»stliosia when its vapor, largely diluted with air, is inhaled. If chlo- 
roforin he used <it <dl as (in ajuestlwtir, the physician should satisfy him- 
self of its })arity l)efore using it. The substances with which it is liable 
to be contaminated are alcohol, aldehyde, hydrochloric acid, and methyl 
compounds. Alcohol may be detected, if present in large quantity, by 
the low specific gravity of the chloroform, by its sinking through water 
in opaque, pearly drops, and by the slow se])aration and diminution in 
volume of a measured quantity of chloroform when shaken with water. 
If alcohol be present in small quantity, it is revealed by the production of 
a green color when tho impure chloroform is shaken with ferrous dinitro- 
sulphide (obtained by acting on ferric chloride with a mixture of potas- 
sium nitrate and ammonium hydrosulphide). Chloroform containing 
aldehyde communicates a brown color to liquor potass.'c heated with it. 
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Chloroform oontftiiiing liydrochloric acid reddens blua litmus paper, and 
causes a. white precipitate in an aqueous aolutioii of silver nitrate, when 
shaken with it. Probably the most dangerous contaminations of chloro- 
form are certain methylic and empyreumatic compounds, which, if i 
properly prepared, It contains in small quantities. The absence of thi 
IS ascertained by: 1st, shaking the chloroform, io a glasS'S top pered bot- 
tle, with an equal volume of colorless sulphuric acid. After twenty-four 
hours the chloroform (upper) layer should be perfectly colorless, and the 
acid layer colorless or faintly tinged with yellow; 2d, evaporating a sniall 
quantity spontaneously, the last portions siiould have no pungent odor, 
and the remaining lilm of moisture should have no odor or taste other 
than those of chloroform. 

Toxicolof/i/. — The action of cliloroform varies as it is taken by the 
stomach or by inhalation. In the former case, owing to its insolubility, 
but little is absorbed, and the principal action is the local irritation of 
the mucous surfaces. Uecorery has followed a. dose of four ounces, and 
-death has been caused by one drachm, taken into tiie stomach. 

Chloroform vapor acts much more energetically, and seems to one its 
potency for evil to its paralyzing influence upon the nerve-centres, nota- 
bly upon those of the heart. While persons suScring from heart disease 
are particularly susceptible to tlie paralyzing effect of chloroform vapor, 
there are several cases recorded of death from the inhalation of small 
quantities, properly diluted, in which no heart-lesion was found upon a 
post-mortem examination. 

Chloroform is apparently not altered in the system, and is eliminated 
"with the expired air. 

There is no chemical antidote to chloroform. When it has been swal- 
lowed, the stomach-pump and emetics are indicated; when taken by inha- 
lation, a free circulation of air should be established about the face; 
artificial respiration and the application of the induced current to the sides 
of the neck should be resorted to. 

The nature of the poison is usually revealed at the autopsy by its 
peculiar odor, which is most noticeable on opening the cranial and tliora- 
cio cavities. In a toxicological analysis, chloroform is to be sought for 
especially in the lungs and blood. Those are placed in a flask, if acid, 
neutralized with sodium carbonate, and subjected to distillation at the 
temperaturo of the water-bath. The vapors are passed tlirougb a tube of 
difficultly fusible glass; at first the tube is heated to redness for about an 
inch of its length, and a piece of filter-paper, moistened with starch paste 
.and with a solution of potassium iodide, is held at the orifice; If clJIoro- 
form vapor be present, it is decomposed into carbon, hydrochloric acid, 
«nd free chlorine, and the last-named turns the paper blue by the libera- 
tion of iodine (the color is afterward bleached if chlorine be present in 
large quantity). The escaping vapor is then allowed to bubble through 
-a solution of silver nitrate acidulated with nitric acid, when, if chloroform 
be present, a white precipitate, soluble in ammonia, is formed. Finally, 
the tube is allowed (o cool, and the distillate collected in a pointed tube; 
if ohloroform be present in considerable quantities it collects in a distinct 
layer or in drops at the lower, pointed end of the receiver. The superna- 
tant, watery liquid is drawn off with a pipette; the drops of chloroform, 
whose odor may be reaogniKed, dissolved in a small quantity of alcohol, 
and to this solution a little sJcobolic solution of potassium nydrate aud 
two or three drops of aniline are added, and the mixture gently warmed; 
if oblorofoim be present, even in small quantity (one part to five thou- 
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sand parts alcohol) the peculiar, disagreeable odor of isobenzonitril is ob* 
served (Hofmann). 

Tetrachloride of Carbon^ CCl^ — ^the product of the most oom- 
plete substitution of chlorine for hydrogen in marsh-gas. It is formed hy 
the prolonged action of chlorine upon methyl chloride, or upon chloroform, 
under the influence of direct sunlight. More quickly by passing chlorine^ 
charged with vapor of carbon disulphide, through a red-hot tube, and 
purifying the product. 

It is a colorless, oily liquid, insoluble in water, soluble in alcohol and 
in ether; having an agreeable ethereal odor ; sp. gr. I.5G; boiling at 78^. 
Its vapor, when heated to redness, either alone or mixed with hydrogen, 
is decomposed, yielding a mixture of dichloride, C,C1^, trichloride, C,C1^ 
and free chlorine. 

Its action upon the economy is similar to that of chloroform. It ia 
known in pharmacy as cfUorocarbon, 



Dibromomethyl Bromide. 

Methenyl bromide — Formyl bromide — Bromoform — CHBr,, Br. — i» 
prepared by gradually adding bromine to a cold solution of potassium 
hydrate, until the liquid begins to be colored, and rectifying over calcium 
chloride. 

A colorless liquid of sp. gr. )2.13, having an aromatic odor and a sweet 
taste, less volatile than chloroform, boils at 150° — ]52°, solidifies at — 9°, 
sparingly soluble in water, to which it communicates its taste and odor, 
soluble in alcohol and ether. When boiled with alcoholic potash, it 
undergoes a decomposition similar to that of chloroform. It bums with 
difficulty, and is decomposed at a red heat. 

Its physiological action is similar to that of chloroform. It often 
exists as an impurity in commercial bromine, accompanied by cctrbon 
tetrabromide^ CBr^. 

Diiodomethyl Iodide. 

Methenyl iodide — Formyl iodide — Iodoform — CHI,I. — ^Formed, like 
chloroform and brotnoforin, by the combined action of potash and the 
halogen upon alcohol; it is also produced by the action of iodine upon a 
great number of organic substances, and is usually prepared by heating 
to 60° — 80° a mixture of three parts alkaline carbonate, ten parts water, 
one part iodine and one part ethylic alcohol, and purifying the product 
by recrystallization from alcohol. 

Iodoform differs widely from its chlorine and bromine congeners both 
in appearance and properties. It is a solid, crystallizing in yellow hexa- 
gonal plates, which melt at 115° — 120°. It may be sublimed, a portion 
being decomposed. It is insoluble in water, acids, and alkaline solutions; 
soluble in alcohol, ether, carbon disulphide, and the fatty and essential 
oils; the solutions, when exposed to the light, undergo decomposition 
and assume a violet-red color. It has a sweet taste and a peculiar, pene- 
trating odor, resembling, when the vapor is largely diluted with air, that 
of saffron. When heated with potash, a portion is decomposed into 
formiate and iodide, while another portion is carried off unaltered witk 
the aqueous vapor. It contains 96.7^ of its weight of iodine. 



HONOATOHno ALCOHOLS, 

It poaseasea antesthetic powers, less &ctive than those of cliioroform 
■nd bromoform, and principally localized to the sphincters. Experiments 
upon animals show that it is poisonous in smaller doses than iodine. 



Diohlormethyl Iodide. 

C/ttoroiodoforin, CHC1„I — is formed when iodoform is heated with 
merouric chloride; a dark red liquid distils, which, when treated with 
potash and redistilled, yields a yellowish liquid, having an aromatic odor 
and a sweetish taste; 8p. gr. 1.9G. 



Dlbromom ethyl Iodide. 

SromoiodoJ'orm, CHBrJ — is a colorless liquid, solidifying at 0", very 
volatile, sweet in taste, having a penetruting odor; obtained by the 
action of bromine upon iodoform. 



Chlorinated Derivatives of Kthyl Chloiide. 

By the action of chlorine upon ethyl chloride, a progreaaive aubstii 
tion of atoms of chlorine for atoms of hydrogen occurs, with formation of 
the following substances : 

Monochlorethyl chloride C,H,C1,C1 boils at 64* 

Dichioretbyl chloride U,H,C!„C1 .... boils at 75" 

Trichlorethyl chloride C,H,C1„C1 .... boils at 102" 

Tetrachlorethyl chloride C,HC1„C1 ... .boils at 146" 

Carbon trichloride C.CI boils at 182° 

The first of these is isomeric with " Dutch liquid " (see page 220) and 
possesses atiiesthctic powers. A product containing the three following, 
■n varying quantities, has been uaed as an auiitsthetic under the names 
aether muBsllieticaa Aratii. Carbon trichloride, alao called MiQuiehloride 
ot peroAloride o/ carbon, ia obtained by the action of chlorine upon ethyl 
chloride or upon Dutch liquid, under the influence of sunlight. Tt forms 
colorless, transparent crystals, almost tasteless, having an odor resembling 
that of camphor; hard, insoluble in water, aolublo in alcohol and in ether, 
fusinz at 160°, volatile at 132°. Haa been used medicinally as a local 
aiUBstbetio, and in cholera. 



MONOATOMIC ALCOHOLS. 

Series C,H,„,0. 

This series consists of the hydrates of the radioala C,H,„ ^,, derived 
from the saturated hydrocarbons (see pp. 140, 157), and contains some of 
the moat important of the organic compounda, The following is a list of 
the terms of the series which have been studied, and their prominent 
phyBical properties, 
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Alcohols — Series C.H,»..0 



Methyl hjdzmte. 
Bfehyl hjdzmte . . 
Propyl hydzsfee . 
Batjl h jdntte . . 
Ainyl hydrate . . 
Hexyl hydrate . 
Heptyl hydrate. 
Ootyl hydrate . . 
Nonyl hydrate . 
Deqyl hydrate . . 
Oetjl hydrate . . 
Ceryl hydrate . . 
Hyrioyl hydrate 



Bniplrioid 
fommlft. 



TTplottl 
forarala. 



CH.) 




point. 



20' 



40" 
TO' 

85* 



pQUBb 



i 



66*.6 
78'.8 

IW 
182' 
150° 
168' 
186" 
204" 



• • • • 



I^POBdO 

gravity* 



0.814 
0.8Q06 
0.890 
0.817 

• ■ • • 
0.880 



Methyl Hydrate. 

Methylic alcohol — Carbinol — Pyroxyli<i spirit — Wood spirit — CH,HO. 
-—Does not exist in nature, may be obtained from marsh-gas, methyl 
hydride, by first converting it into the iodide, which is then acted upon 
by potassium hydrate: 

CH,1 4- KHO = KI + CH.HO. 

It is obtained in the arts by the destructive distillation of wood (whence 
the name, from fjJBvy wine, and vXi;, wood). When wood is decomposed at 
a high temperature in closed vessels, there are formed charcoal, gaseous 
and tarry products, and an aqueous fluid which is known as crude wood 
vinegary and contains a number of substances, notably acetic acid and 
methylic alcohol. The crude vineear is separated by decantation from 
the tarry products and redistilled, the first tenth is collected, treated with 
quicklime and again distilled ; the distillate treated with dilute sulphuric 
acid, decanted, and again distilled from quicklime; the product, still quite 
impure, is the wood alcohol^ wood naphtha^ and pyroxylic spirit of com- 
merce. It may be further purified by causing it to combine with calcium 
chloride, decomposing the crystalline compound formed by the addition 
of water^ and rectifying from quicklime; all these distillations are carried 
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ETHYL HYDRATE. 
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on at the temperature of ilie water-bath. The pure hydrate is obtained 
by forming a crystalline compound, such as methyl oxalate, which is 
purified, decomposed, and tiie product rectifieil until the boiling-point is 
oonstuit at Gt).5°. 

Pure methyl alcohol is a. colorless liquid, having an ethereal and alco- 
holic odor, and a sharp, buniiiig taste; sp. gr. 0.614 at U°; boils at GG.5% 
bumping so as to render its distillation difficult. It burns with a pale 
flame, giving less heat than that of ethylic alcohol. It mixes with water, 
alcohol, and ether in all proportions; is a good solvent of resinous sub- 
sianoes, and also dissolves sulphur, phosphorus, potash, and soda, the 
solutions of the last-named substances becoming colored on contact with 

Methyl hydrate is not affected by exposure to air under ordinary cir- 
cumstances, but in the presence of platinum-black it is oxidized, with for- 
mation of the corresponding aldehyde and acid, formic acid. 

Nitric acid, aided by heat, decomposes it with fonnation of nitrous 
fumes, formic acid, and methyl nitrate. When heated with nitrio acid and 
silver nitrate, it produces no fulminate. Sulphuric acid acts upon methyl 
alcohol as it does upon ethyl hydrate (7.".). The organic acids pro- 
duce ethers with methyl alcohol, as they do with all the members of the 



It dissolves potassium a 
the formation of oxides of 1 
CH, 



<\ sodium with liberation of hydrogen, and 
lethyl and potassium or sodium; p-> 1 1) or 
(ith calcium chloride it forms crystallized 



With baryta and 1 

compounds. Witii hytbochloric acid, under the inUuence of the galvauia 
current, it forms an oily substance having the composition C,H,C10. 

Uiiift. — It is used in the arts in the preparation of varnishes; as a 
solvent in many processes, and in the manufacture of aniline dyes. 

Metkylateil spirit is ethyl alcohol containing sufficient wood spirit to 
ronder it unfit for the manufacture of ardent spirits by reason of the dis- 
gusting odor and taste which crude wood alcohol owes to certain empy- 
oduots which it contains. Spirits so treated arc not subject 



tu the heavy duties imposed upon ordinary alcohol, 
largely used in the arts and for the preservation 
tions; it contains one-ninth of its bulk of wood naphtha. 
When taken internally it produces the same effects 1 
alcohol; it seems, however, to be rather more active, 
peutio agent iias been suggested. 



I, therefor, 
.1 pre para- 



Its u 



Ethyl Hydrate. 

Sthylic nicohol — Mtthijl carf/inol — IVhiV iih'oltol — Al>\ohol — Spirits 
<{/■ teine — C,H,HO. — Liquids containing alcohol were known and were 
prepared for use as beverages in remote antiquity. It was only in the 
middle ages, however, that the alchemists separated alcohol, still con- 
taining' water, from wine, whence it received the name, still used in speak- 
ing of diluted alcohol, of spirits of wine. Saussurc was the first to de- 
termine its composition. 

Alcohol does not exist in nature, but is produced in a number of re- 
•otioos. One method of its formation, which has au historical inter^^a 
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that by which its constitution was determined, is by the formation of sul- 
phovinio acid and the subsequent decomposition of this by water: 

SO^H, -}- C,H, = SO,HC,H, 

Sulphnrio Ethylene Bnlpborinic 

Acid. add. 

SO,HC,H, + H.0 = SO,H, + C.H.OH 

Solphorinio Water. Snlphnric AloohoL 

acid. acid. 

The sources from which alcohol and alcoholic liquids are industrially 
obtained are always vegetable substances, rich in starch or in glucose, by 
far the greater proportion being obtained from starchy materials. 

The manufacture of alcohol from this source consists of three distinct 
processes: 1st, the conversion of starch into sugar; 2d, the fermentation 
of the saccharine liquid; 3d, the separation, by distillation, of the alcohol 
formed by fermentation. 

The raw materials for the first process are nicilt and some substance 
(grain, potatoes, rice, corn, etc.) containing starch. Malt is barley which 
has been allowed to germinate, and, at the proper stage of germination, 
roasted. During this growth there is developed in the barley a peculiar 
nitrogenous principle called diastase. The starchy material is mixed 
with a suitable quantity of malt and water, and the mass maintained at a 
temperature of 65° — 70*^ for two to three hours, during which the dias- 
tase rapidly converts the starch into dextrhiej and this in turn into glu- 
cose. The saccharine fluid, or toort, obtained in the first process, is drawn 
off, cooled, and yeast is added. As a result of the growth of the yeast- 
plant, a complicated series of chemical changes take place, the principal 
one of which is the splitting up of the glucose into carbon dioxide and 
alcohol: 

GlnooBe. AloohoL Carbon 

dioxide. 

There are formed at the same time small quantities of glycerine, succinic 
acid, and propyl, butyl, and amyl alcohols. 

An aqueous fluid is thus obtained which contains from three to fifteen 
per cent, of alcohol; this is then separated by the third process, that of 
distillation or rectification. The apparatus used for this purpose has been 
so far perfected that by a single distillation an alcohol of 90—95 per cent, 
can be obtained. 

In some cases alcohol is prepared from fluids rich in glucose, such as 
grape-juice, molasses, syrup, etc. ; in such cases the first process becomes 
unnecessary. 

Commercial alcohol always contains water, and when pure or absolute 
alcohol is required, the commercial product must be mixed with some hy- 
groscopic solid substance, such as quicklime, from which it is distilled 
after having remained in contact twenty -four hours. 

Alcohol is a thin, colorless, transparent liquid, having a spirituous odor, 
and a sharp, burning taste; sp. gr. 0.8095 at 0°, 0.7939 at 15°; it boils at 
78.5°, and has not been solidified; at temperatures below —90° it is vis- 
cous. It mixes with water in all proportions, the union being attended by 
elevation in temperature and contraction in volume (after cooling to the 
original temperature). If 52.3 volumes of alcohol be mixed with 47.07 
of water, at 15°, the mixture occupies 96.35 volumes, the maximum of 
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contraction. It also attracts moisture from the air to such a degree that 
absolute alcohol only remains sucli tor a very short time after its prepara- 
tion. It is to this power of attracting water that alcohol owes its preaeri- 
ative power for animal substances, and probably also its power of coagula- 
ting albuminoid substances. It is a very useful solvent, dissolving a number 
of gases, most of the mineral and organic acids and alkalies, most of the 
chlorides and carbonates, some of the nitrates, all the sulphates, essences, 
and resins. Most of the varnishes consist of alcoholic solutions ot resi- 
nous materials. Alcoholic solutions of fixed medicinal substai.ces are 
called tinctures; those of volatile principles, ^iritt. 

The action of oxygen upon alcohol varies according to the conditions. 
Under the influence of energetic oxidants, such as chromic acid, or, when 
alcohol is burned in the air, the oxidatioo is rapid and complete, and is at- 
tended by the extrication of much heat and the formation of carbon di- 
oxide and water: 

C,H.O-l- 30,=aC0, + 3H,0. 



Mixtures of a 
a less aotive c 
atmospheric u 
I bolic radical t 



r and vapor of alcohol explode upon contact with flame. If 
(idant be used, such as platinum-black, or by tlio action of 
tygen at low temperatures, a simple oxidation of the aloo- 
ikes place, with formation of aoetio acid: 
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O + O,: 



=''-'^-S'fO+H.O, 



a reaction which is utilized in the manufacture of acetic noid and vinegar. 
If the oxidation be still further limited, al(h/it/de is formed: 

2C,H.O+0.=3C,H,0-)-2H,0. 

If vapor of alcohol be passed through a tube filled with platinum sponge 
and heated to redness, or if a coil of heated platinum wire be introduced 
into an atmosphere of alcohol vapor, the products of oxidation are quite 
num«rous; among them are water, ethylene, aldehyde, acetylene, carbon 
monoxide, and acetal. Heated platinum wire introduced into vapor of 
alcohol continues to glow by the heat resulting from the oxidation, a fact 
which has been utilized in Doebereincr's llamelesa lamp, and in the ther' 
mooauter^ recently introduced in surgical praotice. 

Ohiorme and bromine act energetically upon alcohol, producing a 
number of chlorinated and brominated derivatives, the final products be- 
ing clUorai and brcntial (q. v.). If the action of chlorine bo moderated, 
aldehyde and hydrochloric acid arc first produced. lodino acts quite 
alowly i|i the cold, but old solutions of iodine in alcohol (tr. iodine) are 
found to contain hydriodic acid, ethyl iodide, and other imperfectly 
studied products. In the presence of an alkali. Iodine acts upon alcohol 
to produce iodoform. 

Potassium and sodium dis'solve in alcohol with evolution of hydrogen; 
upon cooling, a white solid crystallizes, which is the double oxide of ethyl 
And the alkaline metal: 



HI 



Kl 
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These compounds, on contact with water, are decomposed, with re- 
generation of alcohol and formation of the alkaline hydrate. 

Nitric acid, aided by a gentle heat, acts violently upon aloohol, pro- 
ducing nitrous ether, brown fumes, and products of oxidation. For the 
-action of other acids upon alcohol see the corresponding ethers. 

The hydrates of the alkaline metals dissolve in alcohol, but react up- 
4>n it slowly; the solution turns brown and contains an acetate. 

If alcohol be gently heated with nitric acid and the nitrate of silver or 
•of mercury, a gray precipitate falls, which is silver or mercury fulminate. 

Uses. — Alcohol is used in a great number of processes, in the arts, 
And in pharmacy, principally as a solvent, but also as a starting-point in 
the manufacture of a number of substances, as vinegar, chloral, cliloro- 
form, and ether; as a menstruum in the preparation of tinctures and 
■spirits; and to a certain extent as a fuel, when a hot and smokeless flame 
is desired. 

It occurs in commerce, and is used pharmaceutically in different de- 
crees of concentration. 

Absolute ahohol is pure alcohol, C,H,0, prepared as desired by the 
method given above. It is not purchasable; the so-called absolute alco- 
hol of the shops is rarely stronger than ninety-eight per cent. 

Alcohol fortius (U. S.) — stronger alcohol, is of sp. gr. 0.817, and con- 
lains ninety-two per cent, alcohol. 

Alco/iol (U. S.) — sp. gr. O.S3b = A<piritus rectificcUus (Br.) — sp. gr. 
0.838 — is the ordinary rectified spirit, used for most purposes in the arts; 
it contains eighty-five per cent, alcohol. 

Alf'ohol (TiliUum (IJ. S.) — sp. gr. (i,^^\ = Spiritus tenuior (Br.) — sp. 
gr. 0.95^0 — used for the preparation of tinctures. It contains tnirty-nine 
per cent., U. S., or forty-nine per cent., Br., of alcohol. The British 
officinal is of the same strength as tho proof* spirit of commerce. 

Pftysiological action. — In a concentrated form, alcohol exerts a de- 
hydrating action upon animal tissues with which it comes in contact; 
causing coagulation of the albuminoid constituents. When diluted, 
ethylic alcohol may be a food, a medicine, or a poison, according to the 
dose and the condition of the person taking it. When taken in excessive 
doses, or in large doses for a long time, it produces the symptoms and 
lesions characteristic of pure alcoholism, acute or chronic, modified or 
aggravated by those produced by other substances, such as amyl alcohol, 
which accompany it in the alcoholic fluids used as beverages. Taken in 
moderate quantities, with food, it aids digestion and produces a sense of 
comfort and exhilaration. As a medicine it is the most valuable of 
stimulants. 

Much has been written concerning the value of alcohol as a food. If 
it have any value as such, it is as a producer of heat and force by its ox- 
idation in the body; experiments made in the interest of teetotalism have 
failed to show that more than a small percentage (sixteen per cent, in 
twenty-four hours) of medium doses of alcohol ingested are eliminated by 
all channels; the remainder, therefor, disappears m the body, as the idea 
that it can there *' accumulate " is entirely untenable. That some part 
should be eliminated unchanged is to be expected from the rapid diffusion 
and the high volatility of alcohol. 

On the other hand, if alcohol be oxidized in the body, we should ex- 
pect, in the absence of violent muscular exercise, an increase in tempera- 
ture, and the appearance in the excreta of some product of oxidation of 
Alcohol, aldehyde, acetic acid, carbon dioxide, or water, while the elimi- 



n of nitrogenous excretu, urea, etc., 
iiiished. While there is ho doubt that 



naltered < 

of aloohol pro- 



duce a diminution of body temperature, the experimetitnl 

cerning the action in this direction of moderate doses is conflicting 

incomplete. 

Of the products of oxidation, aldehyde has not been detected in 
excreta, and acetio acid only in the intestinal canal. The elimination oC 
carbonic acid, as such, does not seem to be increased, although positivt 
information upon this point is wanting. If acetic acid be produced, this- 
would form an acetate, which in turn would be oxidized to a carbonate, 
and eliminated as such by the urine. The elimination oC water under the 
influence of large doses of aloohol is greater than at other tim 
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IB of acute poisoning by alcohol, the stomach-pump and catheter 
should be used as early as possible. A plentiful supply o£ air, the cold 
douche, and strong coffee are indicated. 

Aiiali/iiU.—'l'hfi presence of alcohol may be detected by the following- 
reactions, none of which, taken alone, is, however, characteristic of aloohol 
under all circumstances. 

J^rKt. — If a. solution containing alcohol be heated with a small quan- 
tity of solution of potassium dichromate and sulphuric acid, the liquid 
assumes an emerald green color, and, if tha quantity of alcohol be not 
too small, the peculiar fruity odor of aldehyde is observed. The green, 
color is produced under like circumstances by many reducing agents. 

Second. — U an alcoholic liquid be warmed and treated with a few 
drops of potassium hydrate solution and a small quantity of iodine, a yel- 
low, crystalline precipitate of iodoform is produced, either immediately 
or after a time. Many other organic substances produce Iodoform under- 
similar conditions. 

77iird. — If nitric acid be added to a liquid containing alcohol, nitroua 
other, recogniiiablo by its odor, la given off ; if a solution of mercurous 
nitrate with excess of acid be then added, and the mixture heated, a 
further evolution of nitrous ether occurs, and a yellowish-graj-' deposit of 
fulminating mercury is formed, which may be ooliecled, washed, dried, 
and exploded. This reaction \s well adapted to detecting elhylic " 
thylic alcohol, as the latter does not form a fulminate. 
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v potassium hydrate, removing tho potash, and shaking 
itii an equal volume of solution of cupric sulphate; < 
) formed if the chloroform contained alcohol. 
Llcoholic liquid be heated for a few moments with sulphu 
th water and distilled, the distillate, on treatment with sul- 
permanganutc, and afterward with sodium' 



Iihuric acid and not 
ivposulphite, yields aldehyde, which may be rccngnized by the prodi 
tion of & violet color ou the addition of a dilute solution of fucbu' ~ 
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The quantity of alcohol in an alcoholic liquid is usually determined by 
observing the speoiiic gravity. If the liquid contain a large quantity ol 
alcohol and little or no solid matter, as in the case of the afcohola of com- 
merce, this is done directly; if, however, the liquid hold solid matters in 
solution, as in the case of wines and spirits containing sugar, a measured 
volume of the liquid is distilled until the alcohol is all driven into the dis- 
tillate, whose specific gravity is then determined. The following table 
indicates the percentage of alcohol in mixtures of water and aloohol of 
different specific gravity, at CO** F.=15.5*' C: 
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Alooholio Beverages. 

The variety of beverages in whose preparation alcoholic fermentation 
plays an important part is very great, and the products differ from each 
other materially in their composition and in their physiological action. 
They may be divided into four classes, the classification being based upon 
the sources from which they are obtained and upon the method of their 
preparation. 

1. — Those prepared by the fermentation of malted grain — beerSy cUes, 
and porters, 

n. — Those prepared by the fermentation of grape- juice — wines, 

III. — Thpse prepared by the fermentation of the juices of fruits other 
than the grape — eider^ fniit-wines, 

IV. — ^Those prepared by the distillation of some fermented saccharine 
liquid — ardent spirits. 
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Srxr, ale, and porter Mn aqueous infusious or Oecoctioaa of malted 
grftia (oocaaionaJly of rice, ionize, or potatoes), fermented and flavored 
with hope; they contain, therefor, the soluble constituents of the 
employed; dextrine and glucose, proiluoed dnring the malting; alcohol 
and carbon dioxide produced during the fermentation; and the soluble 
constituents of the fl a voriug material. Their color, which varies from pale 
Kmber to dark browa, depends upon the proportion of malt, dried at a hi^h 
temperature, used in their preparation. 

The alcoholic strength of malt liquors varies from 1.5 to !l per cent. 
"Weiss bier contains 1.5 — 1.9 per cent.; lager, 4.1 — 4,5 percent.; bock bier, 
3.8S — 5.23 percent,; London porter, 5.4 — G. 9 per cent.; Burton aie, 5.9 per 
cent.; Scotch ale, 8.5 — 9 per cent. Malt liquors all contain a considerable 
quantity of nitrogenous material (0,4 — 1 per cent, N,), and succinic, luetic, 
and acetic acids. The amount of inorganic material, in which the phoi 
phates of potassium, sodium, and magnesium predominate largely, vsrie 
from 0.2 to 0.3 per cent. The amount of water varies from 7'J.C6 in Bur* 
ton ale, to 91.8 in wei.-s bier. The specific gravity from 1.014 to l.U 

The adulterations of malt liquors are numerous and varied. Water 
is added to increase bulk; it may be detected by the taste, and by t 
low specific gravity of the beer deprived of its alcohol. Sodium carbonate 
is frequently added with the double purpose of neutralizing an excess of 
acetic acid and increasing the foam. Tiie moat serious adnlleration of 
beer consists, however, in the introduction of bitter principles other thf 
hops, and notably of strychnine, cocculua indicus (picrotoxin), and pier 
acid. Of late years artificial glucose (made from starch by the action of 
dilute sulphuric acid) has been used by some brewers; a substitution 
which would be perfectly justifiable and hannless, were it not for the fact 
that glucose prepared in this way is frequently, if not always, contami- 
nated with arsenic, which it derives from the acid used in its manufacture. 

Wines have been in use from remote antiquity, and are prepared in 
infinite variety in almost all temperate countries. 

The grapes are collected with more or less care, and in different 
degrees of ripeness; for the finest grades each berry is separately plucked 
as it reaches the proper degree of ripeness; for the commonest ripe, un- 
ripe, and damaged grapes are thrown into the press indiscriminately. In 
the manufiicture of most red wines and of champagnes, the grape is not 
allowed to reach full maturity. The grapes arc expressed, and the juice, 
together with the skins and seeds, or mare, is placed in a butt i 
perforated bottom, through which it is allowed to trickle into the fer- 
mentation vats; in the case of red wines the marc is allowed to remain in 
contact with the must, or juice, during a part at least of the fermentation, 
in order that the alcohol developed may take up a proper quantity of 
coloring matter; in the case of white wines, contact with a small quantity 

iof the stalks is necessary to avoid strini/iue^s. The fermentation of the 
must, which takes place without the addition of yeast, requires about 
fourteen days, at the end of which the wine is drawn off from the lee 
into barrels, in which it is kept at a low temperature, and protected from 
the air as fur as possible, to avoid the ostablisment of acetic fermentation. 
If the must be rich in glucose and poor in nitrogenized material, and if 
the fermentation be arrested before the glucose has been entirely con- 
verted into alcohol, a sweet wine is obtained; under the contrary con- 
I ditions a <lri/ wine is the result. During the fermentation, as the per- 

centage of alcohol increases, acid potassium tartrate is deposited, being 
h inaoluble in alcoholic liquids. Tartaric acid is the predominatiay — ''■' '" 
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the grape; while in other fruits malio and citric acids, whose acid salts 
are soluble in alcoholic liquids, exist in greater proportions; hence, the 
fermented drinks prepared from fruit other than grapes are sharp and 
thin in taste. 

Most wines of good quality improve in flavor with age, and this im- 
provement is greatly hastened by the process of pasteuring^ which con- 
sists simply in warming the wine to a temperature of 60^ C, without 
contact of air. 

Wines grown in different districts, and from different kinds of grapes, 
differ greatly in their appearance, flavor, color, and alcoholic strength; 
they may be divided into two classes — light and Jieavy wines. 

Light wines are those whose percentage of alcohol is less than 
twelve per cent. In this class are included the red and white French and 
German wines, clarets, Sauternes, Rhine, and Moselle wines; champagnes. 
Burgundies, the American wines, except some varieties of California 
wine, Australian, Greek, Hungarian, and Italian wines. 

The champagnes and some Moselle wines are sparkling, a quality 
which is communicated to them by bottling them before the fermentation 
is completed, thus retaining the carbon dioxide, which is dissolved by 
virtue of the pressure which it exerts. They are dry and sweet in pro- 
portion as the sugar is completely or partially consumed during the fer- 
mentation. When properly prepared they are agreeable to the palate^ 
and assist the digestion; when new, however, they are liable to com- 
municate their fermentation to the contents of the stomach and thus seri- 
ously disturb digestion. 

Of the still wines, the most widely used are the clarets^ or red Bor- 
deaux wines, and the hocks, or white Rhine and Moselle wines. The 
former are of low alcoholic strength, mildly astringent, and contain but a 
small quantity of nitrogenous material, qualities which render them par- 
ticularly adapted to table use and as mild stimulants, especially for those 
predisposed to gout. The Rhine wines are thinner and more acid, and 
generally of lower alcoholic strength than the clarets. The Burgundy 
and Rhone wines are celebrated for their high flavor and body; they are 
not strongly alcoholic, but contain a largo quantity of nitrogenous ma» 
terial, to which they are indebted for their notoriety as developers of 
gout. 

Our native American wines, particularly those of the Ohio valley and 
of (.California, are yearly improving in flavor and quality; they more closely 
resemble the Rhine wines and Sauternes than other European wines. 

Heavy tcines are those whose alcoholic strength is greater than twelve 
per cent, usually fourteen to seventeen per cent ; they include the sherries, 
ports. Madeiras, Marsala, and some California wines, and are all the pro- 
ducts of warm climates. 

Sherry is an amber-colored wine, grown in the south of Spain, and 
officinal under the name of Yi/nua ^erictun (U. S., Br.). Marsala closely 
resembles sherry in appearance, and is frequently substituted for it. 
Port, ofiicinal as Yinuni 2'>orte7ise (U. S.), is a rich, dark red wine, grown 
in Portugal. 

The adulteration of wine by the addition of foreign substances 
is confined almost entirely to their artificial coloration, which is pro- 
duced by the most various substances, indigo, logwood, fuchsine, etc. 
(see Bull. d. 1. Soc. Chim. xxv., 435, 483, 530). The addition of natural 
constituents of wines, obtained from other sources, and the mixing of 
different grades of wine are, however, extensively practised. Water and 
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practice, especially when applied to certain wines which, without such 
treatment, do not bear transportation. The mixing of fine grades of wine 
with those of a poorer quality is extensively practised, particularly with 
champagnes, clarets, and burgundies, and is perfectly legitimate. The 
Bame cannot be said, however, of the manufacture of factitioas w 
either entirely from materials not produced from the grape, or by < 



iitati 



verting white into red 
fttooboT, etc., to produc 
try which flourishes e 
and at Hamburg. Thi 
and sherry, so-called. 

In the following table are 
constituents of the more gem 



r by mixing wines with coloring 
>ns of wines of a diSt^rent class, an indus- 
ively in Normandy, at Bingen on Die Rhin 
es so produced are usually heavy wines, port 



yen, in percentages bv weight, the ohie 
,lly used rariettes of wine: 





! 
1 


! 








i 

1 




3 


! 




M9.8 

Stf2.2 
033.2 
IIB3S 
992.5 
001.6 
0030 
9SS.0 
OOfi.O 
1001.8 
900.5 
9H2.2 
1057.0 
1088.0 
1 038.0 
1038.0 


10.44 
10.84 
10.73 
7.77 
B.08 
10.81 
10.23 
17.80 
16.08 
16.48 
18.12 
16.88 
12.08 
12.01 
12.04 
B,53 
0.61 


.874 
.43.1 
A'iS 
.435 
.440 
.386 
.410 
.390 
.378 
.2S7 
.628 
.241 
.536 

.and 

•SM 
..M8 
.5.10 


.187 
.100 
.160 
.109 
.217 
.101 
.170 
.055 
.04.1 
.111 
-071 
.117 
.048 
.048 
.048 
.048 
.048 


.seo 

.034 
.034 
.634 
.688 
.628 
.844 
.458 
.433 
.897 
.010 
.380 
.616 
.016 
.618 
.616 
.016 


9.2U 

.088 

.088 

.088 

.810 

.310 

.810 

2.043 

.934 

8.28 

S.0 

.271 

.660 

14.02 

14.02 

14,63 

14.63 


1.64 

1.83 
1,82 
1.46 
1.25 
I.W 
1-25 

402 
3.94 
4.40 

las 

1.06 
8.74 
1.7 


.233 

.im 

.197 

.IK 
.182 
.198 
.0*7 
.437 
.507 
.337 
,843 
.811 
.847 
.38 
.88 
.88 
.83 




SautaTTie 


.18 






Bhinewine 

HoogatUn, rod 

Hnngarian, white 


.la 
.ia 


Sherry, drj 

Sa.'"'""!":::::: 


.18 
.18 






Pott 


.026 


?K...: 


m 


Norton'iVirpnia 

Catawba 


.036 
.026 



Vider is the fermenteil juice of the apple, prepared very much In the 
same way aa wine is from grnpe-juice and containing 3.5 to 7.9 per cent, of 
alcohol. It is very prono to acetous fermentation, which renders it sour 
and not only un))alatablo, but liable to produce colic and diarrhcea with 
those not hardened to its use. 

Spirits are alcoholic beverages, prepared by fermentation and distilla- 
tion. They differ from beers and wines in containing a greater propor- 
tion of alcohol, and in not containing any of the non-volatile constituents 
of the grains or fruits from which they are prepared. Besides alcohol 
and water they contain acetic, butyric, valeriaiiio anri ananthic ethers, 
to which they owe their flavor; aometiraes tannin and coloring matter 
darived from the cask; amylio alcohol rcmainiog after imperfect uuriflca- 
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lion ; sugar intentionall j added ; and caramel. It is to the last-named sub- 
stauce that all dark spirits owe their color; although, after long keeping 
in wood a naturally colorless spirit assumes a straw color. 

The varieties of spirituous beverages in common use are: 

Brandy^ spiritua vini gaUici (U. S., Br.), obtained by the distillation 
of wine, and manufactured in France and in California and Ohio. It is 
of sp. gr. 0.929 to 0.934, is dark or light in color, according to the quantity 
of burnt sugar added, and contains about 1.2 per cent, of solid matter, of 
which 0.05 to 0.2 per cent, is ash. An inferior grade of brandy is pre- 
pared in wine-growing countries from the marc, or mass of grape-pulp^ 
etc., left in the wine-press. 

American whiskey , spiritus frumenti (U. S.), prepared from wheat, 
rye, barley, or Indian corn; has a specific gravity of 0.922 to 0.937 and 
contains 0.1 to 0.3 per cent, of solids. Its color is due partly to coloring 
matter from the wood of the cask, but mainly to added carameL 

Scotch and Irish whiskies, colorless spirits distilled from fermented 
grains; sp. gr. 0.915 to 0.920, having a peculiar smoky flavor produced by 
drying the malted grain by a peat fire. 

Gin, also distilled from malted grain, sp. gr. 0.930 to 0.944, flavored 
with juniper and sometimes fraudulently with turpentine. 

Hum, — A spirit distilled from molasses, and varying in color and 
flavor from the dark Jamaica nun to the colorless St, Croix rum. The 
former is of sp. gr. 0.914 to 0.92G, and contains one per cent, of solid 
matter, of which 0.1 per cent, of ash. 

Liqueurs are spirits sweetened and flavored with vegetable aroraatics, 
and frequently colored; anisette is flavored with aniseed; absinthe^ with 
wormwood; curacoa, with orange-peel; kirschwasser, with cherries, the 
stones being cracked and the spirits distilled from the bruised fermented 
fruit; kiimm el,w\th cummin and caraway seeds; maraschinoiwith cherries; . 
noycaUy with peach and apricot kernels. 

Propyl Hydrate. 

Primary propyl alcohol — Ethyl carhinol — C,H,OH — is produced, 
along with ethylic alcohol, during fermentation, and obtained by fractional 
distillation of marc brandy, from cognac oily huilede marc (not to be con- 
founded with oil of wine), an oily matter, possessing to a high degree 
the flavor of brandy, which separates from marc brandy, distilled at high 
temperatures; and from the residues of manufacture of alcohol from beet* 
root, grain, molasses, etc. It is a colorless liquid, has a hot alcoholic 
taste, and a fruity odor; it boils at 96.7**; and is miscible with water. It 
has not been put to any use in the arts. Its intoxicating and poisonous 
actions are greater than those of ethyl alcohol. It exists in small 
quantity in cider. 

There exists a secondary propyl alcohol, or isopropyl alcohol or c?t- 
methyl carhinol — CH (CHJ^HO — which is formed by the action of 
nascent hydrogen upon acetone; it boils at 86°. 

Butyl Aloohols— -CJI.OH. 

Theoretically there are four possible butyl alcohols; two primary, one 
secondary, and one tertiary ; of these three have been obtained : 

Primary^ normal butyl alcohol — Butyl alcohol of ferm/entation — I\ih 
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pijl carUnol—CH, — CH,— CH,— CH,On— is formed in small quantities 
during alcoholic fennenCatioii, and may bo obtained by repealed fractional 
diatillation from the oily liquid left in the reotilieation of viiiic alcohol, tt 
is ^ colorless liquid; boils at 114.7°; soluble in 10 parts water, from which 
it separates on the addition of a salt soluble in water. It is more actively 
poisonous than eihyl or methyl alcohol. 

Secotidary btttyl alcohol; ethyl-methyt carbinol — CH,— CH,\(^Qa_ 

a liqnid whtoh boils at 90°. 

CH,\ 
Tertiary/ butyl alcohol; trimethyl carbinol, CII, — COH — a crystallinf 

CII,/ 
solid, which fuses at SO" — 25°, and boils at 82^. 



Amylio Aloohola— C^H„ OH. , 



Of the eight amylic alcohols whose existenee theoretical considerations 
point out as possible (see [>. ITi^), sex'en have been separated, 
stance usually known as amylio alcohol, potato npirit, futel oil, aioohol 
amylicum (U.S., Br.), is a mixture in varying proportions of the two 
alcohols; g^'^CII— Cn,--CH,OH and *^"*~"!^?^'"^C 



pnmary aiconuiaj pi]- /i_ii^'--ii, — v_ii,vjn aiiu " pti' /' 

OH; the former differinj^ from the latter in that it deviates the ph 



-CH. 



i of 



polarization to the left ([a] — —4° 30"); in its boiling-point being 2* 
lower, and in the greater solubility of tiie amyl-sulphato of barium ob- 
tained from it. 

It is formed durin>;; alcoholic fermentation of glucose in greater 
abundance than any of the alcohols other than the ethylic; owinfi; to its 
hiffh boiling-point, it is in great part retained in the oily material which 
collects in the still during the rectification of alcohol and spirits; a por- 
tion, however, passes over and is removed by subsequent treatment (sea 
below). 

It is obtained from the last milky products of rectification of alcoholic 
fluids made from grain or potatoes; these are shaken with water to re- 
move ethyl alcohol, the supernatant oily fluid is decanted, dried by con- 
tact with Fused calcium chloride, and distilled; that portion which passes 
over between 1^8° and 132° being collected. 

It is a colorless, oily liquid, has an acrid taste and a peculiar odor, at 
first not unpleasant, afterward nauseating and provocative of severe 
headache; it boils at 13^° and crystallizes at —20°; sp. gr. 0.8184 at 16°; 
it mixes with alcohol and ether, but not with water. It burns difiicultly 
with a pale blue flame. 

When exposed to air it oxidizes very slowly; quite rapidly, however, 
in contact with platinum-black, forming valerianic acid. The same acid, 
along with other substances, is produced, by the action of the more 
powerful oxidants upon amyl alcohol. 

Chlorine attacks it energetically, forming amyl chloride, hydrochloric 
acid, and other chlorinated derivatives. Sulphuric acid dissolves in amvl 
alcohol, with formation of amyl-sulphurie acid, SO, (C,H,,)H, correspond- 
ing to ethyl-sulphuric acid. It also forms similar acids with phosphoric, 
oxalic, citric, and tartaric acids. 
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Although not fragrant itself, its etherSi when diasolv«d ia ethjl afe 
hoi, have the taste and odor of various fruits^ and are naed in the preps- 
ration of artificial fruit-essences. Amyl alcohol is mlmo used in antljai 
as a solvent, particularly for certain i^lkaloids, and in phnimacy for the 
artificial pnxluctioii of valerianic acid and the TalerianatesL 

Its vapor, when inhaled, produces severe headaofaa, a sense of sidb- 
cation, giddiness, and, in large doses, death. The liquid, taken intensDj, 
especially when in alcoholic solution, is much more activelj poiaoncMi 
than ethylic alcohol. Even in very dilute solution it prodaces the lapid 
intoxication, and severe headache and vertigo, which are prominent ef> 
fects of inferior whiskey. 

To free 8]>irits of amyl alcohol, to deJhisekUe them, advantage is use- 
ally taken of th(* absorbent power of freshly burnt wood chareoal, which 
is cither placed in the still or made into a filter, through which the spirit 
is passed after distillation, or, preferably, the vapor from the still is mads 
to pass throu!;h a layer of charcoal before condensation. 

Spirits properly freed of fusel oil give of! no irritating^ or foni fnoMS 
when hot; they are not colored red when mixed with three parts ethyl 
alcohol and one part strong sulphuric acid; they are not colored red or 
black by ammoniacal silver nitrate solution; when one hundred and fiftr 
parts of the s]>irit mixed with one part potash, dissolved in a little watar, 
are evaporated down to fifteen parts, and mixed with an equal Tolnme of 
dilute sulphuric acid, no offensive odor should be given off. 

No practical interest attaches to the alcohols of this series interme- 
diate between amvl alcohol and 



Cetyl Hydrate. 

Cetyllc aljcohol — Ethal — C, JI„OH — is obtained by the saponification 
of spermaceti (its palmitic ether) by potash. It is a white, orystalline 
solid, fusible at 49 , and capable of distillation at a high temperature; 
insoluble in water; soluble in alcohol and ether; tasteless and odorless. 

Caryl hydrate — (^,,II„OII — cerylic or cerotic alcohol^ and Myzloyl 
hydrate — C H„01I — myricic or mellUsic alcohol — are obtained as white, 
crystalline solids: the former from China wax; the second from beeswaXi 
by saponification by potash. 
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»LE ETHERS. 

Oxides of Alcoholic Radicals of the Series C«H^^^. 



Methyl Oxide. 

CH ) 

Methylic «fAer,C,H,0— qu' r O — isomeric with ethylic alcohol, is ob- 
tained by the action of sulphuric and boric acids upon methyl alcohoI| or 
by the action of silver oxide upon methyl iodide. 

It is a colorless gas, has an ethereal odor, burns with a pale flame, 
liquefies at —36^, and distils at —21^; is soluble in water, ethyl alcohol, 
and sulphuric acid, less abundantly in methyl alcohoL 



Ethyl Oxide. 



f M/tyliceXher— Hiker— Sufphu 
;>u«H {Br.)--C.H„0- " " 



-^Sc/ier/ortior{V. S.)—^El/ter 
t the sixteeiith cen- 



'ct/f)A:r—^^Vter/ortior{\ 
-, I'ti' {■ O — was discovered 
tarf by Val. Cordua, wbo csJled it oleum vini duice. 

It is obtained by the action of suliihurioacid upon alcohol, whence the 
nkme of " Bulpliuric ether " is improperly given it. A misture is made 
of five parts &1cdIid1, ninety per cent., and nine parts of concentrated 
sulphuric acid, in a vessel surrounded by cold water. This mixture is 
introduced into a retort, over which is conveniently arranged a vessel 
from which a slow stream of alcohol can be made to enterthe retort. Heat 
is applied by a sand-bath, and the addition of alcohol is so regulated that 
the temperature does not rise above 1^°. The retort is connected with 
k well-cooled condenser, and the process continued until the temperature 
in the retort rises above the point indicated. It is important that the tube 
by which the alcohol is introduced be drawn out to a small opening, and 
dip well down below the surface of the liquid. The distillate thus ob- 
tained contains, besides ether, alcohol, water, and gases resulting from the 
decomposition of the alcohol and sulphuric acid, notably sulphur dioxide. 
It is subjected to a first purification by shaking with water containing 
[Hitash or lime, decanting the supernatant ether, and redistilling. The 
product of this process is " washed ether" or " jcther, U. S." Ic is still 
oontaminated with water and alcohol, and when desired pure, as for pro- 
ducing anasstheaia and for processes of analysis, it is subjected to a second 
purification. It is again shaken with water, decanted after separation, 
shaken with recently fused calcium chloride and neivly burnt lime, with 
which it is left in contact twenty-four hours, and from which it is theii 
distilled. 

It was known at an early day that a small quantity of sulphuric acid 
is capable of converting a largo quantity of nlcohol into ether, and that 
Kt the end of the process the sulphuric acid remains in the retort unal- 
tered, except by secondary reactions. A metaphysical e^iplanation of the 
process was found in the assertion that the acid acted by its mere presence, 
by cntiili/»i», as it was said; in other words, it acted because it acted, a 
very ready but a very feminine method of explaining what 
stood, which, we are sorry to say, is still invoked by somi 
covering for our ignorance of the rationale of certain chem 
cal phenomena. 

It was only in 1850 that Alex. Williamson, by a series of ingenious 
and carefully conducted experiments, determined the true nature of the 
process. In the conversion of alcohol into ether, an intermediate sub- 
stance, sulphovinic acid, plays an important part, being alternately formed 
at the expense of the alcohol, and destroyed with formation of ether and 
regeneration of sulphuric acid. At first sulphuric acid and alcohol act 
upon each other, molecule for molecule, to form water and sulphovinic 
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The new acid, as soon as formed, reacts with a second molecule of 
alcohol, with regeneration of sulphuric acid and formation of ether: 




"•■Mo =-^}0, . &H.l0 



Theoretically, therefor, a given quantity of sulphuric acid could con* 
Tert an unlimited amount of alcohol into ether; such would also be the 
case in practice, were it not that the acid gradually becomes too dilute, by 
admixture with the water formed during the reaction, and at the same 
time is decomposed by secondary reactions, into which it enters with im- 
purities in the alcohol; causes which in practice limit the amount of ether 
produced to about four to five times the bulk of acid used. 

Properties, — Ether is a colorless, limpid, mobile, highly refracting 
liquid; it has a sharp, burning taste, and a peculiar, tenacious odor, char- 
acterized as ethereal. Sp. gr. 0.723 at 12.5 , and 0.7364 at 0^; it boils at 
34.5°, and crystallizes at — 31"^. Its tension of vapor is very great, especially 
at high temperatures; it should, therefor, be stored in strong bottles, and 
should be kept in situations protected from elevations of temperature. It 
is exceedingly volatile, and, when allowed to evaporate freely, absorbs a 
great amount of heat, of which property advantage is taken to produce 
local ansesthesia, the part being benumbed by the cold produced by the 
rapid evaporation of ether sprayed upon the surface. Water dissolves one- 
ninetieth its weight of ether, and ether dissolves one thirty-sixth its weight 
of water. Et hylic and me thy lie alcohols are miscible with it in all pro- 
portions. Ether is an excellent solvent of many substances not soluble in 
water and alcohol, while, on the other hand, it does not dissolve many sub- 
stances soluble in those fluids, properties which are of great value in prox- 
imate organic analysis. The resins and fats are readily soluble in ether; 
the salts of the alkaloids and many vegetable coloring matters are soluble 
in alcohol and water, but insoluble in ether, while the free alkaloids are 
for the most part soluble in ether, but insoluble, or very sparingly soluble, 
in water. 

Ether, whether in the form of vapor or of liquid, is highly inflammable; 
the liquid burns with a luminous flame. The vapor forms with air a vio- 
lently explosive mixture; it is denser than air, through which it falls and 
diffuses itself to a great distance; and great caution is therefor required 
in handling ether in a locality in which there is a light and fire, especially 
if the fire bo near the floor. 

Pure ether is neutral in reaction, but, on exposure to air or oxygen, 
especially in the light, it becomes acid from the formation of a small quan- 
tity of acetic acid. 

Sulphuric acid mixes with ether with elevation of temperature and for- 
mation of sulphovinio acid; sulphuric anhydride forms ethyl sulphate. 
Nitric acid, aided by heat, oxidizes ether to carbon dioxide and acetic and 
oxalic acids. Ether, saturated with hydrochloric acid and distilled, yields 
ethyl chloride. 

Chlorine, in the presence of water, oxidizes ether, with formation of 
aldehyde, acetic acid, and chloral. In the absence of water, however, a 
series of products of substitution are produced, in which two, four, and 
ten atoms of hydrogen are replaced by a corresponding number of atoms 
of chlorine. These substances in turn, by substitution of alcoholic rad- 
icals, or of atoms of elements, for atoms of chlorine, give rise to other de- 
rivatives. 



UONOBASIO AOIDS. 

Ether is largely used in the cbenaical urts, in pharmacy, and iti ttu^ 
laboratory as a solveut, in the preparitlioii of compound ethers, and for ilii! 
produotion of cold. Its chief use iti medicine is ae an anfeathetic, being the 
safest and moat readily handled lliat we possess. When taken in overdose 
it causes death, although it is by no means as liable to give rise to fatal 
accidents as is chloroform, and, as it seems to be without direct action upon 
'the nerve-centres. Patients eulTeriiig' from an overdose may, in the vast 
majority of cases, be resuscitated by artificial respiration and the induced 
current, one polo to be applied to the nape of the neck, and the other 
carried across the body just belovr the anterior attachments of the dia- 
phragm. 

In cases of death from ether the odor is generally well marked in thw 
clothing and surroundings, and especialU' on opening the thoracic cavity. 
In the analysis it is sought for in the blood and lungs at the same time 
as chloroform (7. v.), 

"" ' ' ' ' emaining alcoholic radicals may be obtained by 

■e used in the preparation of ethylio ether, 
r from the simple ethers (which may bo regarded 
atoms of hydrogen are replaced by 'like alcoholic 

-othylic ether) in that the two atoms of hydrogen 
are replaced by unlike alcoholic radicals, .-, „' i O, methyl-ethyl oxide. 

They may be readily obtained by the action of the iodide of one alco- 
holic radical upon the potassium or sodium oxide of the other: 
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as water in which both 

radicals, c\u]\'^ 



CH, 



C,H. 



Na) 



C,H. 1 



Ab with each alcoholic iodide there ( 
ethers as there are other moiioatomic alcohols, 
stood that substances of this class are very r 

None of them have hitherto been applied to industrial o 



I formed as 
I, it may be i 



MONOBASIC ACIDS. 



The members of this scries, although formed in a variety of ways, 
may bo considered as derived from the alcohols of the series (."".H.^.O, 
by the substitution of an atom of oxygen for two atoms of hydrogen, by 
oxidation of the radical. 

As tho higher terms exist in the fats, and as tho lower members of 
the aeries are volatile, they are frequently designated as the vvlatiUJiUty 
txcidt. They form an homologous series, the known terms of which are 
given in the table on following page. 

They all exist in nature, either free or in combination as salts or 
ethers, some of whirh are important articles of food, and others sub- 
atances valuable as medicinal agents. 



OEHERAL XXDIOAL OHDIISTBT. 



IMIbw- 



Fonnio »cid 

Acetic acid 

Propionio acid... 

Butyric acid 

Valerianic acid.. 

Caproic acid 

<Enanthylic acid. 
Caprylioacid... . 
Pelargonic acid . . 
Capric acid 

Mfristio acid . 

Palmitic acid 

Hargario acid... 

Stearic acid 

Arachic acid . . . . 

Benic acid 

Hyienic acid 

Cerotic acid 

Melisaic acid 



CHO.n 

C.U,0,H 

C,H,0,H 

C H,0,H 

C.HOH 

C,II„0,H 

C,H.,0,H 

C,H.,O.H 

c.H„o,n 

C,.H..O,H 
C„I1„0H 

c,.n„o,H 
c,,n, 0,11 
c„u,nH 

C,.H,OH 
C,.H,.0,H 

c„n„o,H 

C„H..O,II 
C„II.,0,II 
C,.H„0,II 



18° 

S?" 

43. 6° 

53 .S" 

62' 

60° 

69° 



100" 
110 
140 
160 
175 
198 
219 



Formio Aold— CH.O,- 



H 



1b widely distributed ir 
name implies, it exists ii 
ies it was first obtained; 
sects, in the blood. 



the sting-iiig-nottle, in liie leavei 
finally, in certain mineral waters. 

Formic acid is also produced ir 
tion of many organic substances. 
etc. By the action of potash up( 
' * mineral acidsonhyd: 



nd veg«table kingdoms. As its 
Lion of red ants, ^m whose bod- 
it occurs also in the sting-ing hairs of certain in- 
bile, perspiration, and muscular fluid of n 



of diabetic urine. By the direct union 

CO+E,0=CO,H,. 



of trees of the pine family, aod, 

umber of reactions. By the oxida- 
;ar, starch, fibrin, gelatin, albumiDf 
ijoroform and kindred bodies. By 
:yanic acid. During the fermentation 



rboi 



,do aud water: 



Ey the decompositi 
about 100°: 

C.O.H, = CO, 



f oxalio acid under the influence of glycerin at 
CO,H,. 



The last is the reaction utilized in obtaining formio acid. 

It is a colorless liquid, having a sharp, acid taste, and a penetrating 
odor; when brought in contact with the skin it sots as a vesicant; it boiU 
at 100° at the normal barometric pressure,, and, when pure, orystalliies at 
0°; it is misoible with water in all proportions. 

The mineral acids decompose it into water and carbon monoxide; 
oxidizing agents convert it into water and carbon dioxide; alkaline hy- 
dratcs decompose it with formation of a carbonate and liberation of hy- 
drogen; it acts as a reducing agent with the salts of the noble metaU. 



AOXnO ACID. 



1«t 



Aoetio Acid. 

Acetyl ht/drat« — Hydrogen acetute — Pyrolignewtt acid — Acidum aceti- 
cum (U. S., Br.) — C.H,0,H-*^'^'gio.— Although iu ha dilute form, 
as vioegar, it lias been knotrn from remote antiquity, the pure &cid wfts 
only obtuined in the last dentury. 

It ia produced in a great number of reactions, the prinoipai of which 

J^rtt. — By the oxidation of alcohol : 

C.H.0 + 0,= C,H.O, + H.O. 

Second. — By the dry distillation of wood. 

Third. — By the decomposition of natural acetstea by mineral acids. 

Fburlh. — By the action of potash in fusion on sugar, starch, oxalic, 
tartario, citrio acida, etc. 

Fy%h. — By the decomposition of gelatin, Abrin, casein, etc, by sul- 
phuric acid and manganese dioxide. 

Sixth, — By the action of carbon dioxide upon sodium methyl ; 

CO, + NaCH, = C,H,0,Na, 

and decoraposition of the sodium acetate so produced. 

The acetic acid used in the srts and in pharmacy is proparod by the 
destructive distillation of wood, which is heated in an iron retort con- 
nected with a condensing system. The products of the distillation, 
which vary with the nature of the wood used, are numerous. Charcoal 
remains in the retort, while the distilled product consists of an acid, 
watery liquid, a tarry material, and gaseous products. One hundred 
pvta of wood yield usually: 

Charcoal 38—30 parts. 

Acid water 33 — 30 parts. 

Tar 7—10 parts. 

Gas 37—30 parts. 

The gaaea are carbon dioxide, carbon monoxide, and hydrocarbons; they 
■re sometimca used for illuminating puriwaes, but ore usually directed 
into the furnace, where they serve as fuel. The tar is a mixture of em- 
pyreumatie oils, hydrocarbons, phenol, oxyphenol, acetic acid, ammonium 
ftoetate, eta., and is used almost exclusively for the preservation of cord- 
age and wood in ships. 

The acid water is very complex, and contains, besides acetic aoiJ, 
formic, propionic, butyno, valerianic, and oxyphenic acids, acetone, naph- 
thalene, benzene, toluene, cumeno, creaaote, methyl alcohol, and methyl 
aoetate, etc. Partially freed from tar by decantation, it is a brown, acid 
liquid, having a disagreeable, empyreumatic odor. It still contains about 
twenty per cent, of tarry and oily material, and about four per cent, of 
acetic acid ; this ia the crude pyroligneoua acid of commerce. 

The crude product is subjected to a first |)urification by diatillatton; 
the first portions are collected separately and yield methyl alcohol (7. v,)\ 
the remainder of the distillate is the dUttlled pyroHgneous acid of com- 
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isr 



The vapor of acetic acid burns with a pale, bluish flame; when passed 
through ft tube heated to redness it is decomposed, a mixture of combus- 
tible gaaes being given off and a oarbonaceoiis residue remaining iti thu 
tube. The pure acid only daootnposes calcic carbonate when diluted with 
water; and when mixed with alcohol does not redden litmus paper. 

Suiphario acid, aided by heat, decomposes and blackens acetic acid; 
I aulphur and carbon dioxides are given on. The presence of acetic acid 
may be recognized by this and by the following reactions: with silver 
nitrate, a white, crystalline precipitate, partially dissolved by heat; no 
reduction of silver on boiliug the mixture. When it is heated with small 
quantities of alcohol and sulphuric acid, acetic ether is given off, and may 
be recognized by its odor. When an acetate is calcined with b small aaan- 
tity of arsenic trioxide, the foul odor of cacodyl oxide is observed. 

Chlorine acta upon acetic acid slowly under ordinary conditious, but 
actively under the influence of direct sunlight, producing monochlor- 
aixtia acid, 0,H,CIO,; dicfdoreuxtia acid, 0,11,01,0,; and trichioracetie 
acid, C,HC1,0,. The last-named is obtained by exposing glass-stoppered 
bottles (well closed) 6lled with dry chlorine, and containing a small quan- 
tity of glacial acetic acid, to the direct rays of ihe sun for a day or more. 
It it an odorless, crystalline solid, which fuses at 4G^, and distils atl05° — 
200°. It is strongly acid, and has been used in medical practice as a pow* 
erful vesicant. 

Acetic acid is used in pharmacy in the preparation of many sub- 
stances. The Acid'im aeetv.-um diluCum (U. S., Br.) is of sn. gr. l.OOli, 
and contains i.b per cent, of true acetic acid; its chief use is ni the prep- 
aration of the aceta or medicated vinegars, improperly so called, whioli, 
whether they be made with dilute acetic acid, or with distilled vinegar, 
do not contain those constituents of vinegar which distiaguish it from di- 
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Tlnegar 
ing certain tixed and 
from early antiquity, 
eighth century, wher 
qaently called, discovered nitric acta. 

It is obtained from some liquid containing ten per cent, or less of 
alcohol, which is converted into acetic acid, either by simple oxidation, 
KS under the influence of platinum black, or, as in the industrial manufac- 
ttire of vinegar, by the transferring of atmospheric oxygen to the alcohol^ 
during the process of nutrition of a peculiar vegetable ferment, known as 
mycodermn acett or, popularly, as mother of vinegar. Vinegar is now 
manufactured principally by one or two processes — the German method 
and that of Pasteur. In the former, the alcoholic fluid, which must also 
contain albuminous matter, is allowed to trickle slowly through barrels in 
which it meets near the top a diaphragm, pierced with a number of holes, 
through which pass short cords; from these it drops upon a thick layer 
of beech-wood shavings, supported by a perforated false bottom. By a 
suitable arrangement of hulua and tubes, an ascending current of air is 
made to pass through tlie barml. The acetic ferment clings to the 
cords and shavings, and under its influence acetification takes place rap' 
idly, owing to the large surfaui 

In Pasteur's process, which has to a great extent 
process formerly followed at Orleans, the fennent is so 
face of the alcoholic liquid, contained in large, shalli 
from which thu vinegar is drawn ofl! after acetificatio 
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pleted ; the mother ia collected, w&sliod, and used in a sulisc-cjueut 
operation. 

The liquids from which vinegar is made are wine, oider, and beer, to 
which dilute alcohol is frequently added; the most esteemed being that 
obtained frum white wine. 

Wine vinegar has a pleasant, acid laate and odor; it consists of water, 
acetic acid {about five per cent.), potassium bitartrate (about 3.5 j^rams 
per litre), aluohol, acetic ether, gluuose, malic aeid, mineral salts present 
IR wine, a feniientesciblc, nitrogeriixed substunce, culorini; matter, etc. 
Its specific gravity is 1.020 tu 1.025; its color varies from a pale yellow to 
a light reddish brown, according as it is made from white or red win& 
When evaporated, it yields from 1.7 to H.i per cent, of solid residue. 

Vinegars made from alcoholic liquids otner than wine contain uo po- 
bitartrate, contain less acetic acid, and have not the aromaiic 



odor of wine vinegar. Cider vinegar is of sp. gr. 2.0; ia yellowish, baa 
an odor of apples, and yields 1.5 per cent, of extract on evaporation. 
Beer vinegar is of sp. gr. 3.2; has a bitterish flavor, and an odor of sour 
beer; it leaves six per cent, of extract on evaporation. 

The principal adulterations of vinegar are: gulphnric acid, whose 
presence is indicated by an increase in tlie specific gravity, or more cer- 
tainly, by adding a few drops of the vinegar to some fragments of cane- 
sugar, and evaporating over the water-bath to dryness; in the presence 
of sulphuric acid the residue is dark brown or black. As commercial 
sulphuric acid always contains arsenic, that (element has frequently been 
detected in adulterated vinegars. Water, an excess of which ia indicated 
by a low power of saturation of the vinegar, in the absence of mineral 
acids. Two parts of good wine viuegar neutralize ten parts of sodium 
carbonate; the same quantity of oider vinegar, 3.5 parts; and of beer vine- 
gar, 2.5 parts of carbonate. I'yroUgneotta acid may be detected by the 
creosote-like odor and taste. Pepper, c/ipsieum, and oiher acrid substan- 
ces, are often added to communicate fictitious strengtii; in vinegar so 
adulterated an acrid odor is perceptible after neutralization of the acid 
with sodium carbonate. Copper, ziiir, lead, and tin frequently occur 
in vinegar which has been in contact with those elements, either during 
the process of manufacture or subsequently; they may be delected by 
methods elsewhere described. 

Distilled vinegar, Acetitm destillaium (U. S.), is prcparetl by distilling 
^vinegar in glass vessels; it contains none of the fixed ingredients of vine- 
gar, but its volatile constituents (acetic acid, water, alcohol, acetic ether, 
odorous principles, etc.), and a small quantity of aldehyde. It is a limpf ' 
wholly volatile liquid, whose odor is similar to, bnt weaker than that 
the kind of vinegar from which it was distilled, from which it also diffeit^ 
in being of less acid strength, as the boiling-point of acetic acid is higlm 
than that of water. Dilute acetic acid is frequently called distilled vinegar. 

When dry acetate of copper is distilled, a blue, strongly acid liquid 
passes over; this, upon rectification, yields a colorless, mobile liquid, 
which boils at 56° (J., has a peculiar odor, and is a mixture of acetM 
acid, water, and acetone, known to the older chemista as radical vineffOff, 
and Btill used under that name in perfumery. 

Toxicologi/. — When taken internally, acetic aoid and Tinegar (tlie~J" 
latter in doses of four to five ll. 5 )act as irritants and corrosives, causing 
ill some instances perforation of the stomach, and death in from six to 
fi ftoen hours. Milk of magnesia should be given as an antidote, with the 
view to neutralizing the acid. 
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acetate, may be recognized by 
acid, acetic acid, recognizable 



Second. — If a mixture of an acetate, sulphuric acid, and alcohol be 
heated, the apple odor of ethyl acetate is produced. 

TTiird, — Neutral solution of ferric chloride forms, with a neutral solu- 
tion of an acetate, a deep red liquid, which turns yellow on the addition 
of a free Aoid. 



Propionic Aold, C.H.O,- 



H 



:o. 



This acid, discovered by Gottlieb in 1844, is formed in many decom- 
positions of organic substances. Uy the action of caustic potassa upon 
HUgar, starch, gum, and ethyl cyanide; during fermentation, vinous or 
acetic, in nine, moist leather, calcium tartrate solution; in the distillation 
of wood, and during the putrefaction of peas, beans, etc; by tlie oxida- 
lioD of normal propylic alcohol, etc. It is best prepared by heating 
ethyl cyanide with potash until the odor of tlie ether has disappeared; 
the acid is then liberated from its potassium compound by sulphuric 
phosphoric acid, and purified. 

It is B colorless liquid, sp. gr. 0.99C, does not solidify at —21", boils 
&t 140°, mixes with water and iHcohol in ail proportions, resembles acetic 
acid in odor and taste. Its salts are soluble and crystal livable. 

Propionic acid is probably formed in the body as a product of oxida- 
tion of the fats and alljuminoids, its presence, however, has not been 
demonstrated with certainty, although it has been said to exist in th 
perspiration, the contents of the stomach, in the vomit of cholera, and i) 
fermented diabetic urine. 



Butyric Acid, ^'^^'^ [ ^ GH,— CH,— CH,— CO,OH. 



!ul in butter; it exists in nature free a 
ind glyceric ethers. It has been found i 



Discovered by Chevr. 
bination, in its ethylic i 

milk, perspiration, muscular fluid, the juices of the spleen and of other 
glands, the urine, contents of the stomach and large intestine, fraces, and 
guano, in certain fruits, in yeast, in the products of decomposition of 
many vegetable substances, and in natural waters; in fresh butter in 
small quantity, more nbundantly in that which is rancid. 

It is formed in a number of decompositions of organic substances. 
By the action of sulphuric acid and manganese dioxide, aided by hnat, 
upon cheese, starch, gelatin, etc.; during the combustion of tobacco (as 
ammonium butyrale); by the action of nitric acid upon oleic acid; during 
the putrefaction of fibrin and other albuminoids; during a peculiar fer- 
mentation of glucose and starchy material in the presence of casein or 
jrluten. This fermentation, known as the butyric, takes place in two 
stages; at first the glucose is converted into lactic acid: 

C,H„0.=3(C,H,0.), 
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and this in turn is decomposed into butyric acid, carbon dioxide, and 
hydrogen : 

2C,H,0,=C,H,0,4-2CO,+2H,. 

Butyric acid is now usually obtained from the animal charcoal which 
has been used in the purification of glycerine, in which it exists as cal- 
cium butyrate. It is also formed by subjecting to fermentation, at 25^ — 
30% a mixture composed of glucose 1 kilo, water to sp. gr. 10^ Baum6, 
chalk 0.5 kilo, cheese or gluten 0.1 kilo. The calcium butyrate is de- 
composed by sulphuric acid, and the butyric acid separated by distilla- 
ation. 

Butyric acid is a colorless, mobile liquid, having a disagreeable, persis- 
tent odor of rancid butter, and a sharp, acid taste, soluble in water, alcohol, 
ether, and methvl alcohol; boils at 164^, distilling unchanged; solidifies in 
a mixture of solid carbon dioxide and ether; sp. gr. 0.974 at 15^; a good 
solvent of fats. 

Sulphuric acid does not act upon butyric acid in the cold, and only 
slightly under the influence of heat. Nitnc acid dissolves it unaltered in 
the cold, but, on the application of heat, oxidizes it to succinic acid. Dry 
chlorine under the influence of sunlight, and bromine under the influence 
of heat and pressure, form products of substitution with butyric acid. It 
readily forms ethers and salts, the latter being, for the most part, soluble 
in water. Its vapor is inflammable and burns with a blue flame. 

Butyric acid is formed in the intestine, by the process of fermentation 
mentioned above, at the expense of those portions of the carbohydrate 
elements of food which escape absorption, and is discharged with the 
fseces as ammonium butyrate. 

laobutyric acid^ an isomere of butyric acid, which boils at 152^, has 
also been found in human fsdces. It corresponds to isobutyl alcohol, and 
has the composition — 

^j^-'^CH— CO,OH. 

Valerianic Acids, C,H,p — ^•^•g I O. 

Corresponding to the four primary amylic alcohols, there are four 
amy lie or valerianic acids: 

I. CH,— CH — CH — CH — CO,OH. 
II. g^'NcH— CH.— CO,OH, 

"^- CH.-.c|>H-CO,OH. 
CH.\ 

IV. CH — c— co,oa 

CH./ 
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I. Normal valerianic &cid~ Sidi/lformic acid — I^opi/Utcetk add — 
isobtniiicd by the oxidation uC normal amylb alcohol. It is an oilv liquid, 
boils al 18i° — 185°, and has an odor resembing that of butyric acid. 

II., III. Ordinary valerianic acid — Deiphiiiic acid — Fhocenic acid 
— Isovaleric acid — Itopropyl acetic acid — laobutylformic acid — Acidum 
valeritriiicum (U. S., Br.).— This acid was discovered in 1S17 by Chevreul, 
in the oil of the porpoise (delphinium pAocxiia), and subsequently in vale- 
rian root and in angelica root. It is formed during putrid fermentation or 
oxidation of albuminoid substances. It occurs in the uritie and fieces in ty- 
phus, variola, and acute atrophy of the liver. It is also formed in a variety 
ot chemical reactions and notably by the oxidation of amylic alcohol. 

It is prepared either by distilling water from valerian root, or, more 
economically, by mixing roctilied nmylic alcohol with aniphuric acid, 
adding, when cold, a solution of potassium dichromate, and distillinc 
after the reaction has become moderated; the distillate is neutraliKed with 
sodium carbonate; and the acid is obtained from the sodium valerianate 
BO produced, by decomposition by sulphuric acid and rectification. 

The properties and nature of the acid differ according to those of the 
amy] alcohol from which it is obtained. The active alcohol yields the acid, 

which ia itself optically active, which forms an un crystal lizable and ex- 
ceedingly soluble barium salt, and whoso boiling-point is 172.5° — 173.5°. 
The inactive alcohol yields by oxidation the acid, p„ _Jjy>'V;H— 

CO,OH, which is optically inactive, whoso barium salt is roadily crystallic- 
able and soluble in water to the extent of forty-eight parts in one hun- 
dred, and whose boiling-point is 174.5°. 

The identity of the acid obtained from valerian root and that obtained 
by the oxidation of amylic alcohol has frequently been called in question, 
"nio propertips of the former show, however, that it ia identical with the 
acid obtained by the oxidation of optically inactive amylic alcohol. The 
artificial product, being obtained from the commercial mixture of active 
and inactive alcohols, is a mixture i 
mentioned above. 

The ordinary valerianic acid is i 
trating odor, and a sharp, acrid tasi 
— 175°; sp. gr. 0.!l343— O.g-lfio at 2 

It dissolves in thirty parts of water, and in alcohol and ether in all propor- 
tions. It dissolves phosphorus, camphor, and certain resins. It forma 
salts and ethers called valerianates, some of which, as those of ammonium, 
mno, quinine, atropine, bismuth, and iron, are used in medicine. 

IV. TS-iinetht/l acetic acid — Ptvalie aciil^is a crystalline solid, which 
fuses at 35.5'' and boils at 163.7°; sparingly soluble in water; obtained 
by the action of cyanide of mercury upon tertiary butyl iodide. 



different proportions of the two acldii 

sily, colorless liquid, having a penc- 
il solidifies at -IG"; boils at nS" 
) with a white, smoky flame. 



Caproio Acids. 

Hejrylic acidi — C,H„0, — * 'Vi [ O, — There probably exist quite a 
number of isomeres having the composition indicated above, some of 
which have been prepared from butter, cocoa-oil, and cheese, and by de- 
OOtDposition of amyl cyanide, or of hexyl alcohol. 
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The acid obtained from batter, in whioh it exists ss a ttl fs ai e efts; 
is a colork^ss, oily liquid, boils at 305^; sp. gr. 0.931 at 15^ hai an odor 
n( ]>orsi)irAtinn and a aharp, acid taste; is rerj sparing^lT solable in vater, 
but Ro]ul>lii in alcohol. The acid obtained from am jf ojrsnide defiiici 
tfin plaiK! of polarization to the right ([ajr = 8.43°); boils at iWyUd 
lioliJifies at — *J^. 

(Enanthylio Aoid. 

IlcjXi/lic acid, C,II,,0.— ^'""2 I O— exists in spirits distiHed tea 

rice and maize, and is formed by the action of nitric aoid Qpon fkfcty sob- 
Ktances, cflpecially upon castor oil. It is a colorless oil; boils st tUf\ 
s|>. gr. 0.91G7 at 24"^; soluble in alcohol and in ether. 

Caprylio Aoid. 

C H O ) 
Octylic acid, C,H,,0, — * '•l, \ O — accompanies caproio aoid in but- 

t(tr, cocoa-oil, etc. It is solid, molts at 14° — 15°, and boils at 236°; almost 
insoluble in water; very soluble in alcohol and in ether. 

Pelargonlo Aoid. 

C H O ) 
Nonylic acid, C,H,,0, — • "tt > O— exists in the rolatile oil of gs- 

raniumi niid is formed by the action of nitric acid upon essence of ma 
It is a colorless oil; has a feeble odor; solidifies at 10 ; boils at 260°; in- 
Moluble in water; soluble in alcohol and ether. 

« 
Caprio Aoid. 

Decylic acid, C^H^^O, — *• »•„ [ — exists in butter, cocoa-oil, etCy 

associated with caproic and caprylic acids in their glyceric ethers, and in 
the residues of distillation of Scotch whiskey, as amy 1 caprate. It is a 
white, crystalline solid; melts at 27.5°; boils at 273°; msoluble in water; 
soluble in alcohol and ether; has a faint odor, resembling that of the goat 

Laurio Aoid. 

C H O ) 
Jjxxiroatearic acidy C„H,^0, — »« "tt {• O— exists in laurel berries^ 

cocoa-butter, and in other vegetable fats. It is a transparent, crystalline 
solid; melts at 43.5°; insoluble in water; readily soluble in alcohol and 
in ether. 

MyrUtlo Aoid, C.,H„0,— ^"^^-g I O, 

Exists in many vegetable oils, in cow's butter, and in spermacetL It 
crystallizes in brilliant, colorless plates; fusible at 54°. 




STEABIC ACID. 



Palmitic Aold. 



ftc acid, C„H„0, — '* "it > O — exists in palm-oil, in ootnbi- 
the oil i« fresh, and free when the oil is old; it also enten 
tbe ooinpositioD of nearly alt animal and vegetable fata. It is ob- 
tained from the fats, palm-oil, etc., hy saponification with caustic potBSSft 
(aee p. 285), and subsequent decomposition of the soap by a. strong aoid. 
It is also formed by the action of caustic potash in fusion upon oetyl 
alcohol (ethal), and by the action of the same reagent upon oleic aoid. 

Palmitic acid is a white, crystalline solid; odorless; tasteless; lighter 
than water, in which it is insoluble; quite soluble in alcohol and in ether; 
fuses at 62°; distils unchanged with vapor of water. It is used in tbe 
manufacture of candles and of soaps. 

MargaricAold, C.,H,.0,— *^"^"2 jo. 

Previous to 1852 this aoid was supposed to exist as a glyceride In all 
fats, solid and liquid ; in that year, however, Ileintz showed that what had 
been taken for marganc acid was a mixture of ninety per cent, of palmitic 
and ten per cent, of stearic aoid, and at the same time he obtained the 
true margarie acid by the action of potassium hydrate upon cetyl cyanide. 

It is a white, crystalline body; fusible at 59.'J°j insoluble in water; 
soluble in alcohol and in ether. 

Stearic aoid, C„H..O— ^"^"^ [ 0. 

This, the most abundant of the fatty acids, was discovered by Chevreul 
in 1811. It exists as a glyceride in all solid fats, and in many oils, and 
also free to a limited extent. 

To obtain it pure, the fat is saponified with an alkali, and the soap de- 
composed by hydrochloric acid; the mixture of fatty acids is dissolved in 
a large quantity of alcohol, and the boiling solution piirf/yprecipitated by 
th« addition of a concentrated solution of barium acetate. The precip- 
itate is collected, washed, and decomposed by hydrochloric acid; the 
stearic acid which separales is washed and recrystallized from alcohol. 
The process is repeated until the product fiisps at 70°. 

An impure stearic acid, mixed with palmitic and other acids, is pre- 
pared industrially on a Urge scale in the manufacture of stearin candles. 

Pure stenrio acid is a colorless, odorless, tasteless solid; fusible at 69" 
— 70°; unctuous to the touch; insolublo in water; very soluble in alcohol 
and in ether. The alkaline stcaratea arc soluble in water; those of cal- 
cium, barium, and lead are insoluble. 

Stearic and palmitic acids exist free in the intestine during the diges- 
tion of fats, a portion of which is decomposed by the action of the pan- 
creatic secretion into fatty acids and glycerin. The same decomposition 
also occurs in the presence of putrefying albuminoid substances. 

Aracjhic aoid, C,„n,.0,— ^"^^"S { O— exists as a glyceride in paa- 
nut-oil (now largely used as a substitute for olive-oil), in oil of ben, and 
13 
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in small quantity in butter. It is a crystalline solid, which melts at 75®, 
and solidifies at 73°; sparingly soluble in aqueous alcohol; soluble in ab- 
solute alcohol and ether. 

Benio ROid—Benostearic aoi<?— C„H,,0,-^"^"g I O— a solid, crys- 
talline body; fuses at 76°; solidifies at 70°; exists in oil of ben. 

HyaBnio acid, C„H^,0,— " "^ I O— exists in the fat, and espe- 
cially in the anal glands, of the hyena. 

Cerotio acid, C„H,,0,— ^" "]^ I O— constitutes the bulk of that 

part of beeswax which is soluble in boiling alcohol, and may be obtained 
from China wax by dry distillation. 

Melissio acid, C„H„0,-^»«^"2 I O— exists in beeswax. 



COMPOUND ET 

Methylic. 

Methyl nitrate, ^u* [ O — is prepared by bringing together, in a 

retort, powdered potassium nitrate and a mixture of sulphuric acid and 
methyl alcohol; the action takes place at first in the cold, but the distil- 
lation must be completed at the temperature of the water-bath. The dis- 
tillate is purified by washing with water, and by repeated rectifications 
from massicot and calcium chloride. 

It is a colorless liquid; sp. gr. 1.182 at 22°; boils at 66°; burns with 
a yellow flame; its vapor detonates violently when heated above 150®. It 
is decomposed by potash into potassium nitrate and methylic alcohol; it 
dissolves ammonia, with formation of ammonium nitrate and methylamine. 
It is a good solvent of nitro-glycerine and of gun-cotton. 

Methyl nitrite, prr [ O — ^is obtained by heating methylic alcohol 

with nitric acid and copper. Below —12° it is a yellowish liquid; above 
that temperature, a gas. Isomeric with nitromethane. 

EthyUo. 

Ethyl nitrate— iV7«ric ^^^f'^r—Q^* \ O— « obtained by distilling a 

mixture of one volume of nitric acid and two volumes of alcohol, in the pres- 
ence of urea, the last-named substance being added to prevent the forma- 
tion of the lower oxides of nitrogen. The first part of the distillate, con- 
sisting of alcohol, is discarded, and the distillation is stopped when the 
contents of the retort have been reduced to one-third the original bulk. 
The product is washed, dried by contact with calcium chloride, and rec- 
tified. 

Nitric ether is a colorless liquid, has a sweet taste, with a bitter 
after-taste ; sp. gr. 1.112 at 17°; boils at 85° — 86°; burns with a white 
flame. Its vapor, when heated, explodes violently on the approach of a 
flame. 
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Ethyl nitrite— A7(roiM «(Aer — ^^ „ [o — was obtained by Kuukel 
u earl^ as 1681. 

Quite a immber of processes have been suggested for obtaining this 
substance; the best consists of directing tlie nitrous fumes, produoed by 
the action of nitric acid upon starch, under the influence of heat, into 
alcohol contained in a retort connected with a well-cooled receiver. 

An older process, still frequently used, is by acting upon alcohol di- 
rectly with nitric acid; the operation must be conducted in a capsctous 
retort, and tlio gentle heat apphcd to start the reaction must be with- 
drawn as soon as the distillation begins. This method cannot be used on 
■ large scale, owing to the violence of the action, and is also objection* 
able on account of the loss of alcohol required to reduce the nitric acid. 

Pure ethylio nitrate is a yellowish liquid; has a peculiar, apple-like 
odor, and a sweetish, sharp taste; sp. gr. 0.947; boils at 18°, Its vapor- 
ization produces a great diminution of temperature; the vapor is inflam- 
roable, burning with a white flame; very sparingly soluble in water; quite 
soluble in alcohol and ether. 

It is decomposed by warm water into alcohol, nitric acid, and nitro- 
gen dioxide; more rapidly by alkalies, with formation of malate and 
nitrate of the alkaline element, but without formation of acetate. It is 
energetically attacked by sulphuric acid, and also by sulphydric acid and 
the alkaline sulphides. Its vapor, when passed through a red-hot tube, 
is decomposed, yielding nitrogen, nitrogen dioxide, carbon monoxide, hy- 
drocarbons, water, ammonium cyanide and carbonate, an oily material, 
and carbon. When kept it is iiablis to spontaneous decomposition into 
nitrogen dioxide and mtilic acid, especially in the presence of water. 

Its vapor rapidly produces antPsthcsia; it Is not, however, used ia 
medicine in its pure form, but only in alcoholic solution: Spiritua cetheria 
nUroai(ll. S., Br.), which also contains aldehyde. Owing to the presence 
of the last-named substance, and to the presence of water, the spirit is 
▼ery liable to become acid, either from the formation of acetic acid by the 
oxidation of the aldehyde, or from the decomposition of the ether under 
the inHuence of water; a chvige which renders it unfit for use in many of 
the prescriptiotis in which it is frequently used, especially in that with po- 
tassium iodide, from which it liberates iodine. The presence of free acid 
may be detected by elTurvescenco when the spirit is shaken with hydro- 
■odie carbonate. Its acidity may bo corrected by shaking with potassium 
carbonate, and decanting, provided it does not contain water. 

Btbyl borates. — There are four othylic borates, three of which cor- 
respond to the three acids, boric, metaboric, and tctraborio. The borate, 
BO,(C,H,),, is a colorless, mobile liquid, havinga peculiar, agreeable odor, 
and a bitter taste; soluble, but decomposed, by water; soluble in alcohol 
and ether; burns with a green flame, giving olf dense fumes of boric acid, 

£ithyl phosphates. — Four of these compounds are known: 

PO, (C.Hjn,— Monethyl-phoaphoric acid— Phosphovinic acid. 

PO. (C,H.),II— Diethyl-phosphoric acid. 

PO,(C,H ),— Triethyl phosphate— Phosphoric ether. 

P,0, (*^,H,), — Tetrelhylic pyrophosphate — Pyrophoaphorio ether. 

Of these, the first two possess acid properties and form salts. There 
exist also numerous compounds similar in constitution to the ethyl pboe* 
phatea, ia which oue or more of the atoms of oxygen are replat 
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atoms of sulphury or of seleniuniy e. g., diethyl-sulphophosphoric acid, 
POjS (C,H^),H, some of which also form salts. 

There are also four ethyl phosphites, two of which are acids and two 
neutral ethers. 

£lthyl sulphates. — ^These are two in number: 

SO^ (C,HJ — HEthyl-sulphuric, or sulphovinio acid. 
SO^ (C,Hj), — ^Ethyl-sulphate — Sulphuric ether. 

SO J 
JEthyl^dphuric acid^ ((^«H ) V O, — is formed as an intermediate pro* 

h) 

duct in the manufacture of ethylic ether {q. v.). It is prepared by slowly 
adding sulphuric acid to an equal volume of alcohol, mixing and cooling 
as the addition progresses; when cold, the mixture is diluted with water, 
and barium carbonate is added to saturation; the clear liquid, on concen- 
tration, yields crystalline plates of barium ethyl-sulphate [SO^ (C.H^)] Ba", 
which, when exactly decomposed with sulphuric acid, liberates sulpho- 
vinic acid. 

Pure ethvl-sulphurio acid is a colorless, syrupy, highly acid liquid; 8p» 
gr. 1.31G; soluble in water and alcohol in all proportions; insoluble in ether. 

It decomposes slowly at ordinary temperatures, more rapidly when 
heated. When heated alone or with alcohol, it yields ether and sulphurio 
acid: 




C,H 



kh = %f.\o^ ^K 



When heated with water, it yields alcohol and sulphuric acid: 

(Cj&|o, + i}0 = C.HjjO + SO.Jo^, 

It forms crystalline salts, known as sulphovi nates, one of which, 

sodium suljy/iovinatey SO^(C,HJNa, has been used in medicine. It is a 

white, deliquescent solid, either crystalline with 10.78 per cent, of water 

of crystallization, or granular and anhydrous; the former fuses at 86**, the 

latter docs not fuse, but is decomposed at 100^; it is soluble in 0.61 parts 

of water at 17^ Its solution should give no precipitate with barium 

chloride. 

SO ) 
Ethyl sidphatCy /p pr \' f Ot — the true sulphuric ether, is obtained by 

passing vapor of sulphur trioxide into pure ethylic ether, thoroughly 
cooled; the product is purified by washing with water and milk of lime, 
and concentrating in vacuo. 

It is a colorless, oily liquid, has a sharp, burning taste, and the odor 
of peppermint; sp. gr. 1.120; it cannot be distilled without decomposition; 
in contact with water it is decomposed with formation of sulphovinic acid. 

By the action of an excess of sulphuric acid upon alcohol, by the dry 
distillation of the sulphovinates, and in the last stages of manufacture of 
ether, a yellowish, oily liquid, having a penetrating odor and a sharp, 
bitter taste, is formed; this is sweet or heavy oil of winey and its ethereal 



XCUYUO KEHEsa 

solution ia Oleum atfiereum (U. S.). It seems to be a mixture of ethyl-sul- 
[>h&te with hydrocarbons o! the aeries C,H^ On contact with water or 
ftD alkaline solution, It is decomposed, sulphovinia acid ia formed, and there 
separates a colorless oil, of sp. gr. 0.1*17, boiling at 280% which is Uffht oil 
of tciiie. This oil is polymeric with ethylene, and ia probably ceUne, 
CijH,,; it is sometimes called etherme or etfierol; when cooled to —35° it 
deposits crystals, which fuse at 110° and boi! at 260°. 

Ethyl acetate — Acetic ether — ', K > O — is obtained by distilling 
a mixture of potassium or sodium acetate, sulphuric acid, and alcohol; the 
distillate is purified by washing with an alkaline solution and with water, 
dried by contact with calcium chloride, and reotilied. It may also be ob- 
tained by passing carbon dioxide through an alcoholic solution of potaa- 
siuro acetate, and purifying as above. 

It is a colorless liquid; has an agreeable, ethereal odor; boils at 7i°; sp, 
gr. O.fiS at 15°; soluble in si:i parts water, and in all proportions in methyl 
and ethyl alcohols and in ether; a good solvent of essences, resins, can- 
tharidine, morphine, gun-cotton, and, in general, of substances soluble In 
ether; burns with a yellowish white llame. 

Chlorine acta energetically upon ethyl acetate, producing products of 
substitution, varying according to the intensity of the light from C,H, 
C1,0, to C.Cl.O^ 

Ethyl formlate — J-brmic ether — q H f ^ — " obtwned by decom- 
position of a formiate by a process similar to tliat used in the preparation 
of the acetate, also by distilling a mixture of glycerin, oxalic acid, and 
alcohol; it is also formed In the manufacture of fulminating mercury. It 
is obtained as a commercial product by distilling a mixture of starch, 
alcohol, water, sulphuric acid, and manganese dioxide. 

It is a colorless liquid; has an odor resembling that of the peach; boils 
at 56°; sp. gr. 0.915 at 18°; burns with bluish flame; soluble in nine parts 
of water, and in all proportions in alcohol and ether. 

It is isomeric with raethyl acetate: 



o!L°!o 


C.H 1 

ck. 


C.H.O, 


C.H.O 



The different arrangement of the atoms in the molecule is well shown 
by the action of alkalies upon the two substances, producing ethylic alco- 
hol and a formiate in one case, and metfaylic alcohol and an acetate in the 



CHO) 

aumtom 



+ h}o 
o + glo 



CHOfo ^ O.H.„ 









Ethyl acetate and formiate are largely used in combination with other 
oompound ethers of methyl, ethyl, and amyl in the manufacture of J'rui' 
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M, which, with the esception of essence of oran^, are rarely, if ever, 
made from the fruits after which they are named. lathe followtng table is 
given the composition, in cubic centimetres, added to one handred parts 
of alcohol, of the principal artificial easencea used in the manubcture of 
confectionery. The oonatituenta used must be chemically pure: 



Abtificui. Fbutt-Essences. 
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Other mixtures of ethers of the same class are used in the manufacture 
of imitation spirits. Ethyl fonniate predominates in ewence qfrum, and 
ethvl pelargoiiate in essence ofcogncui. 

CO) 

Ethyl oarlKmates are two in number: C,H > 0„ ethyl -carbonic or 

carbovinic acid, and /p u k \ 0,, ethyl carbonate or carbonic ether. The 
former is a monobasic acid, the latter a neutral body. By the action of 
ammonia upon ethyl carbonate in the cold ethyl carbonate or urethan, 
CO (NH,)0,C,Hu is formed; and under the influence of heat, urea, 
CO (NH,),. 

Ethyl oxalates. — Oxalic acid, being dibanic, forms two series of 
ethers; of ethylio ethers there are C,0, (0,11^)11, etkyloxalic or oxalotsinie 
acid, and C,0, (O.H,), ethyl oxalate qt oxalic ether. The former is a mono- 
basic acid, isomeric with succinic acid; the latter is neutral. 



Amylio. 

Amyl nitrate, q jj ' r O — i' obtained by a process similar to that 
used for preparing the corresponding ethyl compound, by the distillation 
of a mixture of nitric acid and amylio alcohol in tlie presence of a small 
quantity of urea. It is a colorless, oily liquid; has an odor resembUug 
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tbOit of bed-bu^s, and a sweetish, bunding taste; Ep. gr. O.OOiat 10°; boils 
ftt 148", with partial decompositiuu, 

Amyl nitrite — Amt/l nitrmta etfier — q j, [■ O — prepared by direct- 
ing the nitrous fumes, evolved by ibo action of nitrio acid upon starch, 
into aniyi alcoiiol contained in a retort heated over a water-batn, purifyiug 
the distillate by washing' with an alkaline solution, and rectifying. 

It is a slightly yellowish liquid; sp. ^r. 0.877; boils at 95°; its vapor 
explodes when heated to 2G0°; insolublein water; soluble in alcohol in all 
proportions; vapor orange -colored. 

Alcoholic solution of potash decomposes it slowly, with formation of 
potassium nitrite and oxides of ethyl and amyl. Wiien dropped upon 
fused potash, it ignites and yields potassium valerianate. 

Amy! nitrite is frequently impure ; its boiling-point should not vary 
more than two or three degrees from that given above. 

Amyl sulphates— Are the same in constitution as those of ethyl, 
and are obtained by similar methods. Amyl sulphuric acid is of histori<^ 
interest, as it was by its formation that Williamson showed the true nature 
of the process of etherification. The amyl sulphate of barium, prepared 
from an^ive amyl alcohol, is three times more soluble than that made from 
the inactive — a property which is utilized to separate the two alcohols. 

Amyl aoetate, .'■ ,5 [ O — Obtained by distilling a mixture of amyl 

alcohol, potassium acetatp, aod sulphuric acid. A limpid, colorless liquid; 
Bp. gr. 0.87e2 ; boils at 1^5" ; insoluble in water ; soluble in alcohol and 
ether. Its alcohoHo solution is used as artificial pear-essence. 

Of the great number of other ethers of this series, there are none of 
particular practical importance until we reach 

Cetyl palmitate, JV b [O— Also known as oetine, which is the 
chief constituent of Spermaceti=:eetaceum (U. S., I5r.), This is the con- 
orete portion, obtained by expression and crystallization from alcohol, of 
the oil contained in the cranial sinuses of the spcnn-whale. It forma 
white crystalline plates ; fusible at 40° ; slightly unctuous to the touch ; 
tasteless, and almost odorless ; insoluble in water ; soluble in alcohol and 
ether ; burns with a bright flame. It was formerly supposed to consist 
entirely of cetine, but recently it has been shown to contain ethers not 
only of palmitic, but also of stearic, myristic, and lauroatearic acids ; and 
of the alcohols: lethal, C„H„0; methal, C„H„0; ethal, C„H„0; and 
atethal, C,.li„0. 

MellBsyl palmitate — Melimin — ■ ■, u [ O — Beeswax — Cerafiava 
(U. S., Br.) — consists mainly of two substances: cerotic acid, which issolu* 
ble in boiling alcohol and molissyl palmitate, insoluble in that liquid, 
united with minute quantities of substances which communicate to the 
wax its color, odor, and unctuousness. Yellow wax melts at 63° — C3°; 
after bleaching, which is brought about by i^posureto light, air, and muis- 
ture, it does not fuse below G(i°. China teax, a white substance resem- 
bling spermaceti, is a vegetable product consisting of cerul eeroUM, 
C.,H„0. (C„U.,). 
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SsBiss C.EU,0. 



Formic aldehyde CILO. 

Acetio aldehyde C,H^O. 

Propionic aldehyde C,H,0. 

Butyric aldehyde C,H,0. 

Isobutyric aldehyde C^H^O. 



Valerianic aldehyde CjH,.0. 

Caproic aldehyde C,H„0.' 

CEnanthylic aldehyde C,Hj^O. 

Caprylio aldehyde C,H,,0. 

Palmitic aldehyde C, JEi„0. 



Aoetio Aldehyde. 

C H O ) 
Acetyl hydride^ * *h f • — Although discovered in 1821 by Doebe- 

reiner, and subsequently studied by Liebig, it is only of late years that 
the importance of this body in the organic laboratory has been recognized. 

It is formed in all reactions in which alcohol is deprived of hydrogen 
without simultaneous introduction of oxygen ; whence the name of 
** dehydrogenated alcohol." It is prepared by the process suggested by 
Liebig: a mixture of sulphuric acid, six parts; water, four parts; alcohol, 
four parts, powdered manganese dioxide, six parts, is placed in a capacious 
retort, which is connected with a receiver cooled by a freezing mixture ; 
the retort is warmed very slowly and gently. The distillate, which is a 
mixture of water, alcohol, ether, aldehyde, and other substances, is re- 
distilled from calcium chloride at a temperature not exceeding 50**. This 
second distillate is mixed with two volumes of ether, cooled by a freezing 
mixture, and saturated with dry ammonia gas ; there separate fine, 
colorless crystals of ammonium acetylide, having the composition C,H, 
0,NH^, which are washed with ether and dried by exposure to dry 
air ; they are placed in a retort over the water-bath and decomposed 
by the addition of the proper quantity of dilute sulphuric acid ; a clear 
liquid distils over, which is dried by contact with fused calcium ohlo- 
ride, and rectified at a temperature not exceeding 35°. 

As thus obtained, aldehyde is a colorless, mobile liquid ; has a strong, 
suffocating odor ; sp. gr. Oi790 at 18°; boils at 21°; soluble in all pro- 
portions in water, alcohol, and ether. If perfectly pure, it may be kept 
unchanged; but if an excess of acid have been used in its preparation, it 
gradually decomposes. When heated to 100°, it is decomposed into 
■water and crotonic aldehyde. 

In the presence of nascent hydrogen, aldehyde takes up H, and 
regenerates alcohol. Chlorine converts it into acetyl chloride, C,H,0, 
CI, and other products. Oxidizing agents quickly convert it into acetio 
acid, CjH^O,. Sulphuric, hydrochloric, and sulphurous acids at the 
ordinary temperature convert it into a solid substance called paraldehyde^ 
C,H,,0„ (?), which fuses at 10.5°, boils at 124°, and is more soluble in cold 
than in warm water. When heated with potassium hydrate, aldehyde 
becomes brown, a brown resin separates, and the solution contains potas- 
sium formiate and acetate. Gaseous ammonia converts aldehyde into the 
crystalline ammonium acetylide, mentioned above. If a watery solution 
of aldehyde be treated, first with ammonia and then with hydrogen sul- 
phide, a solid, crystalline base, thialdine, C^H^^NS,, separates. Aldehyde 



TBICnLOnALDQHrDB. 



201 



also forms crystalline compounds with tlie alkaline bisulphites. It de- 
composes solutions of silver latrute, sepurutiiig the silver in the metallio 
torn, and under conditiona which oeluso it to adhere strongly to glass; 
a fact which is utilized in miLlcIng certain glass-silvering solutions. 

Vapor of aldehj-de, when inhaled in a conaenlriLted form, produces as- 
phyxia, even in oomparativnly sniBJl quantity ; when diluted with air it 
IB said to act as an auiesthetic. When taken internally It causes sudden 
and deep intoxication, and it is to its presence that the first products of 
the distillation of spirits of inferior quality owe in a great measure their 
rapid, deleterious action. 



Trlohloraldehyde. 

TVic/Uoraceti/lhydride ; C/iloral—^'^*^l —dJacoyerod in 1833, by 
Liebig. It is one of the final products of the action of chlorine upon al- 
cohol, and is obtained by passing dry chlorine through absolute alcohol 
to saturation ; applying heat toward the end of the reaction, which re- 
quires several hours for its completion. The liquid separates into two 
layers: the lower is removed and shaken with an equal volume of concen- 
trated suSphurio acid and again allowed to separate into two layers; the 
upper is decanted; again mixed with sulphuric acid, from which it ts dis- 
tilled; the distillate is treated with quicklime, from which it is again dis- 
tilled, that portion which passes over between 04° and 00° being col- 
lected. It sometimes happens that chloral in contact with sulphuria acid 
is converted into a modification, insoluble in water, known as rnetac/iloral/ 
when this occurs it is washed with water, dried and heated to 180°, when 
it is converted into the soluble variety, which distils over. 

Chloral is a colorless liquid, unctuous to the touch; lias a penetrating 
odor and an acrid, caustic taste; sp. gr. 1.502 at 18°; boils at 94.4"; very 
soluble in water, alcohol, and ether; dissolves chlorine, bromine, iodine, 
Bulphur, and phosphorus; its vapor is highly irritating; it distils without 
alteration. 

The metachtoral mentioned above is a white, volatile solid, having an 
ethereal odor; insoluble in water, alcohol, and ether; convertible at ISO" 
into the liquid chloral, with which it is identical in chemical properties. 

Although chloral has not been obtained by the direct substitution of 
oblorine for hydrogen in aldehyde, its reactions show it to be an aldehyde; 
it forms crystalline compounds with the bisulphites; it reduces solutions 
of silver nitrate in the presence of ammonia; ammonia and hydrogen sul- 
phide form with it a compound similar to thialdiue; with nascent hydrogen 
tt regenerates aldehyde; oxidizing agents convert it into trichloracetio 
aoid. 

Alkaline solutions decompose chloral with formation of chloroform 
tnd a formiate; 



Wit 
k drate, h 



c.Ba,o 

OMmL 



-f KHO = CHCl, + CHO.K 



With a small quantity of water, ohloral forms a solid, crystal 
drate, heat being at the same time liberated. This hydrate has t 



i 
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position C,HC1,0,H,0, aud its constitution, as well as that of chloral 
Itself, is indicated by the formuls: 

CH, CCl, CCl, 

I I 

HO CHO CH (OH), 

Aldehyda. Tcfchlonlctehrde Ohkma bjdcata. 

(chlona.) 

Chloral hydrate is a white, crystalline solid; fuses at 57^; boils at 98^, 
at which temperature it suffers partial decomposition into chloral and 
water; volatilizes slowly at ordinary temperatures; is very soluble in 
water; neutral in reaction; has an ethereal odor, and a sharp, pungent 
taste. Concentrated sulphucic acid decomposes it with formation of 
chloral and chloralide. Nitric acid converts it into trichloracetic acid. 
When pure it gives no precipitate with silver nitrate solution, and is not 
browned by contact with concentrated sulphuric acid. 

Chloral also combines with alcohol, with elevation of temperature, to 
form a solid, crystalline body — cMorcU alcohokUe, 



cci-cn/oH 



\0-C,H.. 

Action of chloral hydrate upon the economy. — Although it was the ready 
decomposition of chloral into a (ormiate and chloroform which first sug* 
gested its use as a hypnotic to Liebreich, and although this decomposition 
was at one time believed to occur in the body under the influence of the 
alkaline reaction of the blood, more recent investigations have shown that 
the formation of chloroform from chloral in the blood is, to say the least, 
highly improbable, aud that chloral has, in common with many other 
chlorinated derivatives of this series, the property of acting directly upon 
the nerve-centres. 

Neither the urine nor the expired air contain chloroform when chloral 
is taken internally; when taken in large doses, chloral appears in the urine. 
The fact that the action of chloral is prolonged for a longer period than 
that of the other chlorinated derivatives of the fatty series is probably 
due, in a great measure, to its less volatility and less rapid elimination. 

When taken in overdose, chloral acts as a poison, and its use as such 
is rapidly increasing as acquaintance with its powers becomes more widely 
disseminated. 

No chemical antidote is known; the treatment should be directed to 
the removal of any chloral remaining in the stomach by the stomach- 
pump, and to the maintenance or restoration of respiration. 

In fatal cases of poisoning by chloral that substance may be detected 
in the blood, urine, and contents of the stomach by the following method: 
the liquid is rendered strongly alkaline with potassium hydrate; placed 
in a flask, which is warmed to 50° — 60°, and through which a slow current 
of air, heated to the same temperature, is made to pass; the air, after 
bubbling through the liquid, is tested for chloroform by the methods 
described on p. 165. If afiirmative results are obtained in this testing, it 
remains to determine whether the chloroform detected existed in the 
fluid tested in its own form, or resulted from the decomposition of chloral; 
to this end a fresh portion of the suspected liquid is rendered acid and 
tested by Hofmann's method, (p. 165); if chloroform be present, the char- 
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acteristic odor of iaobenzonitril 
denompoBeil in acid solution, gives 
test is not availalile for this pur; 
these, in the presence of even the 
with liberation of hydrochloric ac 

Tlio corresponding bromine an 
CBr, 

Bromal, I — a colorless, c 
CHO 
bas a psrsistont, sharp, burning tasti 
irritates the air-passages and eyes; ni 



observed, wliile chloral, not being 
legaiive result. The nitrata o! silver 
ie in liquids containing chlorides, as 
takest acids, are partially decomposed 

B also known. 



id iodine compounds . 

lily liquid; sp, gr, 3.34; boiis at 172"; 
Ida 



ether. By u 



i penetrating odor; its vapor 
loluble in water, alcohol, and 
CBr, 
I with water it forms bromul hi/drate, I ; large, 

CH(OH), 

colorless, transparent crystals ; fusible at the temperature of the body; 
soluble in water; has the same taste and odor as bromal; decomposed by 
alkalies into bromoform and a forniiute. Produces auicsthesia without 
sleep; very poisonous. 

iodal and its hydrate have also been obtained. 

The higher aldehydes of this series are obtainable from the corre- 
sponding acids by distilling a mixture of calciiun formiate and the calcium 
salt of the corresponding acid: 

(CHO,),Ca + (C,H,0,),Ca = 2C0,Ca + 2C,H.O 

OdalDm lormliia. Calcium InitjnUi. CiUclani outwnatc, Dutjrlc iIilEbyili. 

As with the acids and alcohols, there exist isomeres of the aldehydes 
«bove propylio aldehyde ; such are butyral and valeral. Vaprylic aldehyde, 
C,H,,0 is one of the products of decomposition of the fatty oils at higb 
temperatures, and, together with acrolein ('/. v.), produces the unpleasant 
and deleterious odor observed in engine-rooms, especially ou shipboard. 



KETONXiS OR AOETONEIS. 



Seeies C,IJ«0. 



Dimethyl ketone, CO/^it' — Acetoiie — Acetyl methylide — Pyroacetie 
ether — Pyroacetie spirit — is formed as one of the products of the dry dis- 
tillation of the acetates; by the decomposition of the vapor of acetic acid 
at a red heat; by the dry distillation of sugar, tartaric acid, etc.; and in 
a number of other reactions. It is obtained by distilling dry calcium 
acetate in an earthenware retort at a dull red neat; the distillate, col- 
lected in a well-cooled receiver, is freed from water by digestion with 
fused calcium chloride, and rectified; those portions being collected which 
pass over at 60°. It is also formed in large quantity in the preparatioa 
of aniline, when that substance is distilled with acetate of iron. 

It is a limpid, colorless liquid; sp. gr. 0,7921 at 18°; boils at 56°; 
soluble in water, alcohol, and ether, has a peculiar, ethcri.ial odor, and a 
burning taste; is a good solvent of resins, fats, camphor, gun-cotton; 
reftdily inflammable. 
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It forms crystalline compounds with the alkaline bisulphites* Chlorine 
and bromine, in the presence of alkalies, convert it into chloroform or 
bromoform; chlorine alone produces with acetone a number of chlorinated 
products of substitution. Certain oxidizing agents transform it into a 
mixture of formic and acetic acids; others into oxalic acid. 

Acetone has been found to exist in the blood and urine in certain 
pathological conditions, and notably in diabetes; the peculiar odor ex- 
haled by diabetics is produced by this substance, which has also been 
considered by some authors as being the cause of the respiratory derange- 
ments and coma which frequently occur in the last stages of the disease. 

That acetone exists in the blood in such cases is certain; it is not cer- 
tain, however, that its presence produces the condition designated as 
acetoncemia. It can hardly be doubted that the acetone thus existing in 
the blood is indirectly formed from diabetic sugar, and it is probable also 
that a complex acid, known as ethf/ldiacettc, is formed as an intermediate 
product, and gives rise to acetone by the reaction: 

C.H.O.Na4-2H.O=C,H.O+C.H.O+CO,HNa 

Bodiam ethyl- Water. Aoetona. AloohoL HydnModio 
dJAoetate. oarbonate. 

The higher ketones of this scries, propiane, butyrone^ etc., are ob- 
tained by similar methods, from the calcium salts of the corresponding 
acids. Their interest is purely theoreticaL 



MONAMINES. 

General methods of preparation. — The primary monamines are formed 
by the action of potassium hydrate upon the corresponding cyanic ether: 

CN0,C,H.+2KH0=NH„C,H,-fC0,K. 

Ethyl cyanate. Potash. Ethylamine. Potanium 

cart>onate. 

Or by heating together an alcoholic solution of ammonia and an ether: 

C,HJ + NH, = HI -f NH„C,H, 

Ethyl Ammonia. Hydriodio Ethylamine. 

Iodide. add. 

Or by the action of nascent hydrogen upon the cyanides of the alcoholic 
radicals: 

CN,CH, + 2H, = NH.,C.H,. 

Methyl pyanide. Hydrogen. Ethylamine. 

The secondary monamines are formed by the action of the iodides or 
bromides of the alcoholic radicals upon the primary monamines. 

The tertiary monamines are produced by the distillation of the hy- 
drates or iodides of the quaternary ammoniums, or by the action of the 
iodides of the alcoholic radicals upon the secondary monamines 

General properties, — ^The amines of this series, containing radicals of 
monoatomic alcohols, have the same power of saturation as ammonia. 



xoTTAxnnes. 

They are volatile. The alkalinity nnd aoliiliilUy in water of the primary 
inormmines are greater than those of tlii: Becondary, anil those of the bco- 
ondary greater tliati thoHo of the tertiary. Their ohloriduB form sparingly 
soluble compounds with platiiiio chloride, Bimilar to that formed with the 
same salt by ammotiium chloride. Nitrous acid decompoaea the mona- 
iiiincs, with regeueratiua of the corresponding alcohol: 



NH„C,H. 

EttijluDiiw. 



NO.H : 



C,II.HO 

BibjrUe 



H.O - 



N.. 



u of hydrogen i; 



ne reagent produces 

replaced by the group 



With the secondary and toi 
fitVroao- com pounds, in whic 
(NO)'. 

The three classes of monamines may be separated by the action of ethyl 
oxalate, which forms with the primary a. solid compound, and with the 
secondary a liquid, while the tertiary remains free. 

There are but few of the monamines of this series which are of practi- 
cal importance, 

Kethylatnlne — Methylia — i,' \ N — is obtained by decomposing 
methyl cyanato by potash, and directmg the vapors through dilute hydro- 
chloric acid; the methyl ammonium chloride thus obtained is decomposed 
by quicklime, and the methylamine collected over mercury. 

It is a colorless gas; has a lishy, ammoniacal odor; lique6es a few de- 
grees below 0°; inflammable; is the moat soluble gas known; one volume 
of water dissolves l,I5i volumes of methylamine at 13.5°, and 959 volumes 
at 25°; its solution is strongly alkaline and caustic, and has the odor of the 
gas. Its salts are soluble in boiling alcohol. In solution :t is distinguish- 
able from ammonia and from cthylamine by its failure to form a precipitate 
with protochlorido of molybdenum, and by the formation of a reddish pre- 
cipitate, insoluble in excess, with molybdenum bichloride. Its chloro- 
platinate is yellow, and soluble in boiling water. 

Dimethylamine— i>im«(A^;ia— ^*^^^ I N— is a liquid below 8", at 
which temperature it boils; has an ammoniacal odor; is quite soluble in 
water; is formed by the action of methyl iodide on ammonia. 

Trimethylamlne — TVtmrfAy/i'a— (CE£,),N— is formed with methyl- 
amine and dimethvlamine, by the action of methyl iodide upon ammonia, 
by the scries of reactions; 

H.N + CH,I = (CH.in N + HI. 
(CH,)H,N + CH.I = {CH,),HN + HI. 

(uii.yiN + cu.i = (c;hJ,n + ul 

It is also formed as a product of decomposition of many organio sub- 
stances, and exists widely disseminated in nature. It is one of the pro- 
ducts of the action of potash on many vegetable substances, alkaloids, etc., 
of the putrefaction of fish and starch-paste; it occurs in cod- liver-oil, in 
•rffot, m chenopodium, in the flowers of many plants, in yeast, in (fuano, 
in hernng-picklc, in human urine, and in the blood of the calf. It ii 
ually obtained by distillation from the pickle in which fish has been pre- 
served. 

At temperatures below its boiling-point, 9", it is an oily liquid, h»Tip<^ 
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a disagreeable odoi 



Clljc 



mflai 



lahlc. 




, n'bicb are crystal livable. 
9 frequently been iitistaken by writera upon materia medica i<m 

'. ' u !■ N, which differs from it in odor andti 
- - - ^j i 

boiling at 50°, Its cbloride, under the names cMoride qf propt/lamia, 0/ 
eecaiiu, vf^Kalin, has been used in the treatment of goul and of rheumatism. 

Tetxamethyl ammonium hydrate — (CII,),N,OH, — This eub- 
stancB, whose constitution is similar to that of ammonium hydrate, is 
obtained by decomposing- the corresponding iodide, (CH,),NI, formed by 
the action of methyl iodide upon tri methyl amine. It is a crystalUne 
Bolid, deliquescent, very soluble in water; caustic; not volatile without 
decomposition; it attracts carbon dioxide from the air, and combiuea with^ 
acids to form crystaliizable salts. 

The iodide is said to exert an action upon the economy similar to thi 
of curare, 

Ethylamine — Hhi/Ua — ^ '^'j-N — is obtained by the action 
potash upon ethyl cyanate. It is a light, colorless, mobile liquid; boU 
at 18.7"; has a strong odor like that of ammonia; burns with 
Hume; soluble in ail proportions in water, alcohol, and ether. I 
ammonia from its salts, combining itself with the acid; its salt) 
tlie most part crystatlizable, and are soluble in absolute alcohol. With' 
chlorine, bromine, and iodine it forms products of substitution contain- 
iiig two atoms of the halogen. It forms precipitates in solutions of most 
of the metallic salts, aod behaves like ammonie with solutions of CUprifl 
salts. The precipitate which it forms in solutio 
soluble in an excess of ethylamine, 

Diethylamine— -P;e%««— ^'^•^•]| I N— 
less liquid, very soluble in water; boiling at 57' 
odor, and resembling ethylamine in most of its r 

Triethylamlne — THcthyliu — {C,H ),N~is a colorless liquid, lighter 
i sparingly soluble; boiling at 91°; having an 



s of the alumina salts ia 



s an inflammable, coli 

mmoniacal 



.eal^B 









alkal 



Tetrethyl anunoniiun hydrate, (C,HJ,N,OH — is a crystallii 

>lid, very deliquescent; soluble in water, and powerfully basic. 



(C,H.,OH)' 



t [ N,OH. — This interesting oompouno] 

hydrate, containing three methyl groui 

hydroxide group. It has not as yet been found to exist 

il body, but only as a constituent of those important 

j-tissue, the lecithina (q. v.). It was first obtained from 

prepared from the yolks of eggs. 



Choline ; neurine, 

is a quaternary 
and one ethyleti 

elements of ner 
bile, but is best _ _ 

It appears as a thick syrup, soluble in water and in alcohol, 
strongly alkaline in reaction. Even in dilute aqueous solution it prevents 
the coagulation of albumin and redissolves coagulated albumin and 
fibrin. It is a. strong base; attracts carbon dioxide from the air; forma 
with hydrochloric acid a salt, soluble in alcohol, which cryatalliiies ia 
plates and needles, very much resembling in appearauce those of cholM 

Choline has been obtained synthetically by the action of ft 



9 

tist^l 
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trated solution of trimethjlamine upon ethylene oxide, or upon ethylene 
cLlorhydrate. When heated, it splits up into glycol and trimethylamine. 

By partial oxidation a solid, crystalline base, known as ooeynewrin^ 
oxycholiney or bctdin^ is formed; in this substance, which has also been 
obtained by synthesis, the group C,H^OH is replaced by C,H,0,OH. 

Choline is isomeric with amanitine, and betain with mtcscarine/ 
poisonous alkaloids obtained from species of Agaricits, 

Besides the amines here considered, many containing the higher alco* 

bolic radicals have been obtained. There are also amines containing two 

or more diHerent alcoholic radicals, such as methyUethyl'amylamine, 

CH, 

an. s- N. 
all.. 



i-^ll 



MONAMIDES. 

General methods of preparation. — The primary monamides, contain- 
ing radicals of the acids of the acetic series, are formed: 
J^irsL — By the action of heat upon an ammoniacal salt: 

<"• "*■§; f = 1 s o + '"•''■% \ " 

Ammonium aoetate. Water. Aoetamlde. 

Second. — By the action of a compound ether upon ammonia: 

Ethyl acetate. Ammonia. Aoetamide. AIoohoL 

TTiird. — By the action of the chloride of an acid radical upon dry 
ammonia: 

(OAO);}^,(||K)=NH,J^(C.n.O^|^ 

Acetyl chloride. Ammonia. Ammoninm Aoetamide. 

chloride. 

The secondary monamides of the same class are obtained: JFtrst^ by 
the action of the chlorides of acid radicals upon the primary amides: 

Aoetamide. Aoelyl oSiloride. Diaoetamide. Hydroohlorlo 

add. 

Second. — By the action of hydrochloric acid upon the primary mona- 
mides at high temperatures: 

Acetamlde. Bydfoohkirio Siaoetamide. Ammoninm 

add. ghlfffkk. 
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The tertiart/ monamides of this series of radicals hare been but im- 
perfectly studied; sorne of them have been obtained by the action of 
the chlorides of acid radicab upon metallic derivatives of the secondary 
amides. 

General properties, — ^The primary monamides containing radicals of 
the fatty acids are solid, crystallizable, neutral in reaction, volatile with- 
out decomposition, mostly soluble in alcohol and ether, and mostly capa* 
ble of uniting with acids to form compounds similar in constitution to the 
ammoniacal salts. They are capable of uniting with water to form the 
ammoniacal salt of the corresponding acid, and with the alkaline hydrates 
to form the metallic salt of the corresponding acid, and ammonia. The 
aecojidary monamides, containing two radic4ils of the fatty series, are acid 
in reaction, and their remaining atom of extra-radical hydrogen may be re* 
placed by an electro-positive atom. 

Formamidey ^ tt r ^ — is a colorless liquid; soluble in water and in 

alcohol; boils at 192°; formed by the action of ethyl formiate upon dry 
ammonia. 

Aoetamide, ^ * ' TT i ^ — ^^ obtained by heating, under pressure, 

a mixture of ethyl acetate and aqua ammoniae, and purifying by distiUa- 
tion. It is a solid, crystalline substance, very soluble in water, alcohol, 
and ether; fuses at 78°; boils at 221^; has a sweetish, cooling taste, and 
an odor of mice. Boiling potassium hydrate solution decomposes it into 
potassium acetate and ammonia. Phosphoric anhydride deprives it of the 
elements of water, and forms with it acetonitrile or methyl cyanide. 

There exist also amides corresponding to monochloracetic and tri- 
chloracetic acids. 



AMIDO.ACIDS OP THE PATTY SERIES. 

Amido-acetio add — Glycocol — Sugar of gelatin — Glycolamic acid 
CH„NH, 
— Glycine — | . — ^This interesting body was first obtained by the 

COOH • 

action of sulphuric acid upon gelatin. It is best prepared by acting 
upon glue with Caustic potassa, ammonia being liberated; sulphuric acid 
is then added, and the crystals of potassium sulphate separated; the liquid 
is evaporated, the residue dissolved in alcohol, from which solution the 
glycocol is allowed to crystallize. 

It may also be obtained synthetically by a method which indicates its 
constitution — by the action of ammonia upon chloracetic acid. 

CH,C1 

I + 

COOH 

Ohloraoetio 
Mid. 

It may be obtained from ox-bile, in which it exists as the salt of a con- 
jugate acid; from uric acid by the action of hydriodic acid; and by the 
union of formic aldehyde, hydrocyanic acid, and water. It is isomeric 
with glycolamide. 



H N = 
H/ 


CH,NH, 
COOH 


- g 


Ammonia. 


Amidottoetio 
add. 


Hydroohlorlo 
add. 




It bas been found to exist free in animal nature only iu the muscle of 
the ■callop, and, when inken internally, its cnnstituents are eliminated as 
urea. In combination it exists in the gelatinoids, and with cholic acid 
as sodium glycocholate Oj. v.) in the bile; it m one of the prortucts of de- 
composition of glycocholic acid, hy ugly coch olio acid, and hippuric acid by 
dilute acids and by alkalies, and of the decomposition of tissues contain- 
ing gelatiiioids. 

It appears as large, colorless, transparent crystals; has a sweet taste; 
.melts at 170°; decomposes at higher temperatures; sparingly soluble in 
cold water; much more soluble in wann water; insoluble in absolute 
alcohol and in ether; acid in reaction. 

It combines with acids to form crystalline compounds, which are de- 
composed at the temperature of boiling water; hot sulphuric acid car- 
bonizes it; nitric acid converts it into glycolic acid (q. v.); with hydro- 
chloric acid it forms a chloride; heated under pressure with benzoic acid 
it forms hippuric acid. Its acid function is more marked; it expels car- 
bonic and acetic acids from calcium carbonate and plumbic acetate. The 
presence of a small quantity of glycocol prevents the precipitation of 
cupric hydrate from cupric sulphate solution by potassium hydrate; the 
solution becomes dark blue, does not yield cujirous hydrate on boiling, 
and precipitates crystalline needles of copper. glycol amate on the addition 
of alcohol to the cold solution. With ferric chloride it gives an intense 
red solution, whose color is discharged by acids, and reappears on neu- 
tralisation. With pheno! and sodium hypochlorite it gives a blue color, 
as does ammonia. By oxidation with potassium permanganate in alka- 
line solution it yields carbon dioxide, oxalic, carbonic, and oxamio acids, 
nud water. It also forms crystallitio compounds, with many salts and 
ethers. Methyl glyoolamate is isomeric with 



1 
I 



CH,NH, 
COOH 



Cn,NH, 

coocir. 

Mrthjl. 



OH,NI{(CII.) 



{ inc-tb>' L- tflyooeol ). 



XAethyl-glycoool— 



CII,[N1I(CII,)1 
mine I — This substanoe, whioh 

COO II 
vith lactamiilo ('/. v.), does not exist as such 
ui animal nature, but has been obtained from creatine (q. 4i.) by the action 
of b&rium hydrate: 



C,II,XO, 



C'ON.H, 



Urea being formed at the same time, and decomposed by the further ac- 
tion of the barium hydrate into ammonia and barium carbonate. 

Its constitution is indicated by its synthetic formation from ohlor- 
acetic acid and methylamine: 



CII.Cl 



CII,[Nn{CH,)] 



lI«Uljl*41lll 
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It crystallizes in colorless, transparent prisms; very soluble in water; 
sparingly soluble in alcohol and ether. Its aqueous solution is not acid, 
and has a sweetish taste; it unites with acids to fonn crystalline salts, 
but does not form metallic salts. It is capable of combining with cyan- 
amide to form creatine. 



Biliary Aoids. 

The bile of most animals contains the sodium salts of two amido-acids 
of complex constitution. These acids may be decomposed into a non- 
nitrogenized acid (cholic acid), and either an amido-acid (glyoocol), or an 
amido-sulphurous acid (taurine). The following biliary acids have been 
described: 

OlycochoUc acid^ C^H^NO, — (sometimes designated as Acide cho- 
lique, Choladure^ Cholic acidy especially by French and German writers, 
who retain the names given it by Gmelin, but which had been previously 
applied to another substance by Demar9ay.) It exists as its sodium salt 
in tho bile of the herbivora, and in much smaller proportion in that of the 
carnivora ; it exists in small quantitv in human blood and urine in icterus; 
in human bile its quantity varies with the diet. 

It is best obtained from ox-bile; this is evaporated to one-fourth of 
its original volume, the residue is ground up with animal charcoal, and 
dried at 100°; the dry mass, while still hot, is broken up and introduced 
into a flask, in which it is digested with absolute alcohol, with repeated 
agitation for some days; the colorless, filtered alcoliolic solution is par- 
tially evaporated, but not to the extent of becoming syrupy, then mixed 
with an excess of anhydrous ether, which, if the reagents were free from 
water, causes the immediate separation of a crystalline precipitate of the 
mixed biliary salts. If the alcohol or ether used contain water, the pre- 
cipitate is at first resinous and only becomes crystalline after standing, or 
does not become crystalline if the proportion of water be too great. The 
crystalline deposit is collected upon a filter, waslK>d with ether and dis- 
solved in a small quantity of water ; to the aqueous solution a small 
quantity of ether is added, and then enough dilute sulphuric acid to ren- 
der the mixture permanently cloudy; the glycocholic acid gradually crys- 
tallizes out, and may be further purified by solution in alcohol, and 
precipitation with a great excess of ether. 

Glycocholic acid forms brilliant, colorless, transparent needles, which 
are sparingly soluble in cold water, readily soluble in warm water and in 
alcohol, almost insoluble in ether. The watery solution is acid in reac- 
tion, and tastes at first sweet, afterward intensely bitter; its alcoholic solu- 
tion exerts a right-handed polarization [r^]o = +J^9°; when evaporated 
it leaves the acid in a resinous form. 

When heated with potash, baryta, or dilute sulphuric or hydrochloric 
acid, it is decomposed into cholic acid and glycocol : 

C„H.,NO. + H,0 = C„H„0. + CJI.NO.. 

Qlyooobolic add. Water. Cholic aoid. OlyooooL 

Glycocholic acid dissolves unchanged in cold concentrated sulphuric 
acid, and is precipitated on dilution of the solution with water; if the 
mixture be warmed the bile acid is decomposed, and there separate oily 
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drops of e/iohtiic acid, C K NO,, an aoiil substance, di; 
cooholic acid by — H.O, Wnen allowed to remain louj 
concentrated suipbunc acid, glycocbolic acid is converted into a colorless, 
resinous mass, which slowly forms a saffron-yellow solution with the 
mineral acid, wbicb turns flaino-red when warmed, and which, on dilutiou, 
deposits a flocculent material which is colorless, greenish, or brownish, 
according to the temperature at which it is formed. Glycocholic acid, 
altered by contact with concentrated sulphuric acid, absorbs oxygen when 
exposed to the air, and turns red, then blue, and finally brown aiter a few 
days. 

Of the salts of glycocholic acid, aoiUuiii. fflucoc/iolMe, C„H„NO,N«, 
exists in the bile; it crystallizes iu stellate needles, very soluble in water, 
leas so in absolute alcohol, and insoluble in ether; its alcoholic solution 
exerts right-handed polamation [>(]„= +25.7°. 

Zisad glycoeholati'., ((j„H,,NOJj Pb (?) — is formed as a white, floccu- 
lent precipitate, when solution of lead subacetate ta added to a solution 
of a glycochulate or of glycocholic acid; with the neutral acetate the pre- 
cipitation does not occur in the presence of an e.xcess of acetic acid. It 
ia soluble in alcohol, and in an excess of lead acetate solution. 

The glycooholates of tho alkaline earths are soluble in water. Gly- 
cocholic acid and the glvcocholatea react with I'ettenkofer's test (see 
below). 

Glycocholic acid forms compounds with the ttlkaloids, some of which 
&re crystalline, others amorphous ; they are for the most part very spariugly 
soluble in water, but readily soluble in solutions of the biliary salts and 

TtiuTochollc acid, C H.,NO,S (called by Streoker choleic acidj, 
exists as its sodium salt in the bile of man and of the carnivora, and in 
much less abundance iu that of the herbivora ; in the bile of the dog it 
seems to be unaccompanied by any other biliary acid. It may be obtained 
from dog^s bile by a modification of the method described under glyco- 
rholio acid; the watery solution is not treated with sulphuric acid, as in 
the preparation of that acid, but with solution of basic lead acetate and 
ammonia. The precipitate so formed is extracted with boiling alcohol, 
the solution filtered hot and treated with hydrogen sulphide ; the clear 
liquid, filtered from the precipitated lead sulphide, is evaporated to a small 
bulk and treated with a large excess of ether; the acid is precipitated in 
the resinous form, but, after standing for a varying period, assumes the 
crystalline form. 

When carefully prepared it forms silky, crystalline needles, which, 
when exposed to the air, deliquesce rapidly, and which, even under abso- 
lute ether, are gradually converted into a transparent, amorphous, resinous 
mass. It is soluble in water and in alcohol, insoluble in ether; its aqueous 
solution ia very bitter; in alcholio solution it deviates the plane of polar- 
ixation to the right, \a] „=24.5°; its solutions are acid in reaction. 

Taurocholic acid is very readily decomposed by heating with barium 
hydrate, with dilute acids, and even by evaporation of its solution, into 
cholic acid and taurine. 



G,.H..N(),S 



H,0 



+ 



The sam 
and in the i 
glyoooholic 



lion occurs in the presence of putrefying material 
'aurouholic acid has not been found to accompany 
tbe urine of icteric patients. 
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Tb« ta.*jr>?b':la:€-« &re ri-ruiral In r«&?tk>n: tixMeof the alkaline meuls 
&re soluble in klcozscl &:. i iz. v&:er: &r i Vr ii^ng* contact nith ether ther 
assume the crT5i&ll:r.e firm. TL^v x=.aT r-e separated from the rijoocho- 
latf-s ill waterr so>Jii:-n« either: Ir:. rr dilate salphnric acid in the 
pnrwrrjcfr of a small Quar::::T .:: e:irr. -«■•:?}: precipitates g'lvoocholic acid 
aior.e: or ^d. iv biiinz '•^'•'''i*' 1- &i a'.x-taze to the solution of the mixed 
fealts. which must h^e neurr^! in reaction, leai rlvcocholate is precipitated 
and b^vnTAi^i bv £*.:rat::r.: ;:* ::.e ir.i-iher liquor liasic lead acetate and 
ammonia ar«: aiie-i. wh-rn leai taurr-rhrlaie 7s precipitated. The acids 
are obtained frorr. :;.^ h.-: al>:h:.:cs:.-4::r.* of the lead salts by decoropo- 
feitioD with hvlror'rn sulrr.iie. £l:raii.*!i. cc-ncent ration, and precipitation 
by ethfrr. 

.Solutions of the taurocholates. like those of the glycocholates, hare 
the power cf dissolving cholesterin and of emulsifying the fats; they 
albo form wi:h the salts of the al'aLal?:is compounds which are insoluble 
in water, but soluble in an exc*»sscf the biliary salt. The taurocholate of 
moqhine is crystal iizabie. They react wiih Fettenkofer*s test. 

Jltjoghjt^orh fJi»- */'-/'/. <_' . . H . , N O , and h y 4»i ytrum 7« fAic urUlj C^ II„KO, 
S(?) ar*.- coTi jugate acids of /• 7 ■.•■■/f •/.'•.' »jri*J, C.^II^.O,, and s'lycocol and 
taurine, which exist in the Liie of the piff. Ch^uota^trochoii^ achly a 
conju^te acid of taurine and '7* ':f*'>7i *.»//'■ ori'K C.. 11 ^^O^, is obtained from 
the bile of the goose. 

Cholir a^i'Jj C,^H,^Oj (called by Strecker, choialic <Wt7). is a product 
of decomposition of glyco- and taurocholie acids, obtained as indicated 
a^xi%'e. It also occurs, as the result of a similar decomposition, in the 
intestines and faeces of both l.erbivora and camivora. It forms large, 
clear, 'i<;iiquescent crystals; sparingly soluble in water, readily soluble in 
alcohol and ether; intensely bitter in taste, with a sweetish aftertaste; 
in alcoholic solution it is dextrogyric ['71^=35^. The alkaline cholates are 
crvfttailizable and readily soluble in water, the others di£Bcultly soluble. 
Cholio acid and the cholates respond to Pettenkofer^s test. 

By boiling with acids or by continued heating to 200% cholic acid 
1^/ses the elements of water, and is transformed iwXo <ly»Iyshi y C,^H,,0^ a 
neutral, resinous material, insoluble in water and alcohol, sparingly solu- 
ble in eth^^r. 

7';*^* for Oy-. hHianj nrujs — Tlie Pitteitkofer react iofi, — ^All of the 
biliary acids, and the cholic acid and dvslvsin obtained bv their decom- 
poHition, have the property of forming a yellow solution with concen* 
tratr-d huiphuric ;icid, the color of which rapidly increases in intensity, 
and whirii exhibits a green fluorescence. Their watery solutions also, 
when treated with a small quantity of cane-sugar and with concentrated 
Hijl])huric acid, so added that the mixture acquires a temperature of 70^ 
but does not l>ecome heated niucli beyond that point, develop a beauti- 
fill cherry-red color, which gradually changes to dark reddish purple. 
Although this reaction is observed in the presence of very small quanti* 
tirfM of the biliary acids, it loses its value, unless applied as directed below, 
from the fact that many other substances give the same reaction, either 
with Mulpliuric acid alone, or in the presence of cane-sugar. Among these 
HiibHtun(;eH are many which exist naturally in animal fluids, or which may 
}m introduced with the food or as medicines; such are cholesterin, the 
filbuiniiioidH, lecithin, oleic acid, cercbrin, phenol, turpentine, tannic acid, 
Miilirylic acid, morphine, codeine, many oils and fats, cod-liver oil, etc. It 
has been stiggested that a distinction could be made between the color 
produced by the Pettenkofer test with the biliary acids, and those pro- 
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duced by the same test with otiier substances, by spectroscopic observa- 
tion; the test with biliary acids in watery solution exhibiting a single 
dark and broad absorption- band, extending from E to midway between 
D and B; the same test with the acids in alcoholia solution shows twn 
bands, one similar to that already described, and a second narrower and 
fainter at F. But while this spectrum differs from those observed in the 
purple solutions obtained with many other bodies under similar con- 
ditions, it does not differ sufficiently from that obtained with the mor- 
phine salts and with other substances, to reiidsr ii. a safe method for ci 
trolling the test. 

The fallowing method of applying Petteiikofer's test to the urine and 
other fluids removes, we believe, every source of error. The urine, eti 
is first evaporated to dryness at the tempemture of tUe water-bath, 
small quantity of coarse animal charcoal having been added; the residua 
is extracted with absolute alcohol, the alcoholic liquid filtered, partially 
evaporated, and treated with ten times its bulk of absolute ether; after 
standing an hour or two, any precipitate which may have formed is col- 
lected upon a small filter, washed with ether, and dissolved in a small 
quantity of water; this aqueous solution is placed in a test-tube, a drop 
or two of a strong aqueous solution of cane-sugar (sugar, 1 ; water, 4), and 
then pure concentrated sulphuric acid, are added; the addition of the acid 
being BO regulated, and the test-tube dipped from time to time in cold 
water, that the temperature shall be from 60° — 75°. Ill the presence of 
biliary acids the mixture usually becomes turbid at first, and then turns 
cherry-red and finally purple, the intensity of the color varying with the 
amount of biliary acid present. 

I^yniologiciU dw-mutrn of the biliary iKi(h. — That these substanaes 
do not normally pre-exist in the blood, and are consequently formed in 
the liver, and that they are not reabsorbed from the intestine unchanged, 
is shown by the experiments of Kuude, Alolcschott, and Feltz and Ritter, 
The last-named have found that solutions of the biliary salts, injected 
into the circulation in small quantity, cause a diminution in the frequency 
of the pulse and of the respiratory movements, a lowering of the tempera- 
ture and arterial tension, and disintegration of the blood-corpuscles; in 
large doses (2^4 grams for a dog) they produce the same effects to a mora 
marked degree; epileptiform convulsions, black and bloody urine, and 
death, more or less rapidly. These effects do not follow the injection of 
the products of decomposition of the biliary acids, except cholic acid, and 
in that case the symptoms are much less well marked. Nor are the bil- 
iary acids discharged unaltered with the ffBces; they are decomposed in 
the intestine. The extract, suitably purified, of the contents of the upper 
part of the small intestine, gives a well-marked reaction with Petten- 
kofer's test; while a similar extract of the contents of the lower part of 
the large intestine, or of the ficces, fail to give the reaction, and conse- 
quently are free from glyco- or taurovliolio, ch olio acid, or dyslyain; the 
fteoes have, moreover, not been found to contain either taurine or glyco- 
col. During the processes, at present but imperfectly understood, which 
take place in the intestine, the bile-acids are undoubtedly decomposed 
into cholio acid and taurine or glycocol, which are subsequently reab- 
sorbed, either as such, or after having been subjected to further decom- 
position; and as a consequence of their decomposition they probably 
nave some influence upon mtestinal digestion. 

The biliary salts are precipitated from their aqueous solution, or from 
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bile, by fresh gastric juice from the same animal; but they are not so 
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1. FiQiichs: Bile from man, B>t. 18. killed bjafall. 11. FreriohB : Halo. rat. 22, disd 
of a wDUDil. III. Gorup-Badanai : MsJe, mt. 40, decapitated. fV. Gorap-B«iaiiei : 
Female, ait. 20.decapiuted. V. Jacobeen : Male, biliary fistula. VI.. VII. I'rifaiiow- 
■Id: Malea. VIII. SocoloS: Mean of six aoalTses of homaa bile. IX. Hoppe-6ejrl«l : 
Heaii of five analysea of bile from subjects with heatthj liren. 

I'athologipaily, the biliary ncids may be detected in the blood and 
urine in icterus and acute atropliy of the liver, although by no m 
fri;(iuentlv as the liillary cut oriiig- matters. 

Oil— CH,(NII,) 

Amldopropionlo Aeid — Alunim^, \ . — Tsoineric witi 

COOH 

ureoaine and with lactaniide; does not exist, bo far as is known at pre 

in nature. It is obtained by the action of alcoholic ammonia upon brom 

proprionic aeid: 

Vll^lir ('1I,{XI1,) 

CJi, +:i/il— Xl^CH, +BrNlt.. 

I Vii/ / I 

UOUU (JOOll 



It may also be prepared by starting from laotio aoid, from which itdiffanj 
by conlaininn NH, in place of OH, I 

It crystallizes in large, oblique, rhombic prisms; veryaohible inwat«f J 
sparingly soluble in alcohol; insoluble in ether. Its aqueous solution ii 
neutral and sweet. Nitrous acid converts it into lactic acid, nitrogen, a: 
water. It dissolves in scids without neutralizing' them, but yet, in ci 
tain cases, with the formation of crystalline compounds. Its barium, lead, * 
co]i]Kir, and silver salts are soluble and crystalline, 

Amldobutyrio Acid— -fiMfafemiHC. C.U,NO„ and Amidovalerl- 
anio acid, C,H,,NOj — are only of theoretic interest at present. The 
latter has been found in the tissue of the pancreas and among the pro- 
ducts of the action of pancreatio Juice upon albumin. They are both 
ainong the products of the decomposition of albumin by caustic baryta. 
CH,— 0,n.— C'H, (NH.j) 

Amldooaproic Aoid — T^ettcine — I =C,II,,NO, 

coon 

— was first obtained by Proust as a product of putrefaction of gluten in 
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presence of water. It has since been found to exist widciv distributed iu 
Hiiimal nature; it has been obtained from the normal spleen, pancreas, sali- 
viiry, lymphatic, thymus, and thyroid glands, lungs, and liver. Patholo^- 
cally, its quantity in the liver is much inoreaaed in diseases of that organ, 
and in typhus and variola; in the bile in typhus, in the blood in leucocy- 
thiemia, and in yelJow atrophy of the liver; in the urine in yellow atrophy 
of the liver, in typhus, and ni variola; in oholeraio discharges from the 
intestine, in pus, in the fluids of dropsy, and of atheromatous cysts. In 
these situations it is usually accompanied by tyrosine (y, v.). It is much 
more abundant in the tissues of the lower forms of animal life, and has 
11.BO been found in vegetable tissues. 

It is formed by the decomposition of nitrogenized animal and vege- 
table substances by heating With strong alkalies or dilute acids; by the 
decomposition of elastic tissues it is formed with a small quantity of 
tyrosine; by that of gelatinoid materials, leucine and glycine are obtained; 
by that of albuminoids, leucine and a small, but variable, quantity of tyro- 
sine are formed; and that of epidermic tissues yields leucine and tyrosine. 
It is also one of the products of the putrefactiim of animal and vegetable 
albuminoids, and of the action of pancreatic juice upon fibrin. It has also 
been formed synthetically by the action of ammonia upon hromocaproio 
acid in the same way that alanine is formed from bromopropionio acid 
(see above). 

It may be obtained by a variety of methods, the most advantageous of 
which consists in boiling one part of liom-shavings with four parts of sul- 
phuric acid and twelve parts of water, for thirty-six hours, renewing the 
water as it evaporates; tlie acid liquid is saturated with milk of lime 
and boiled again for twenty-four hours; it is then filtered through linen, 
a slight excess of sulphuric acid is added, and the liquid again filtered and 
evaporated; tyrosine first crystallizes out and is separated, after which 
leucine separates in crystals, which arc purified by ro crystal ligation from a 
small quantity of water, the crystals first formed being rejected as being 
contaminated with tyrosine. The leucine so obtained is further purified 
by solution in hot water, digestion with lead hydrate; nitration, treatment 
with hydrogen sulphide; filtration, treatment with animal charcoal; filtra- 
tion and crystallization. 

Leucine crystallizes from alcohol in soft, pearly plates, lighter than 
water, and somewhat resembling eholeaierin; sometimes in round masses 
composed of closely grouped needles radiating from a centre. It is spar- 
ingly soluble in cold water; readily in warm water; almost insoluble in 
cold alcohol and ether; soluble in boiling alcohol, which deposits it on 
oooling; it is odorless and tasteless, and its solutions are neutral. Its sol- 
ubility in water is increased by the presence of acetic acid or of potassium 
acetate. It sublimes at 170° without decomposition; if suddenly heated 
above 180°, it is decomposed into amylamine and carbon dioxide. 

When heated to 140° with hydriodic acid under pressure, it is decom- 
posed into caproic acid and ammonia. Nitrous acid converts it into leucic 
acid, CjH„0 , water, and nitrogen. It unites with acids to form soluble 
crystalline salts. It also dissolves readily in solutions of alkaline hydrates, 
forming crystalline compounds with the metallic elements. 

The formation of leucine in the body is one of the steps of the trans- 
formation of at least some part of the albuminoids into urea. That leu- ^_ 
cine it) formed at the expense of the albuminoids by some fermentatioti- ^H 
like process, there can be no doubt; as it is only discharged in the urine ^^M 
I in certain exceptional pathological conditions, and as at the same time the ^^M 

L J 
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e)imin&tion of urea is greatly diminished, it seems highly probable that 
under normal conditions the nitrogen of leucine finall; makes its exit from 
the body as urea, notwithstanding the fact that chemists have hitherto 
been unable to obtain urea from leucine artificialiy. As to the nature of 
the changes by whii^h leucine is converted into urea in the body, we are 
as y<9t in the dark. 

When leucine and tjfrosiue appear in the urine, that fluid is poor in 
urea and usually contains biliary coloring matters; the substitution of 
leucine for urea may be so extensive that the urine contaijis no urea, and 
contains leucine iu such quantity that it crystallizes out spontaneously. 

The presence of smaller quantities of leucine and tyrosine in the 
urine may be detected as follows: the freshly collected urine is treated 
with basic lead acetate, filtered, the filtrate treated with hydrogen sul- 
phide, filtered from the precipitated lead sulphide, and the filtrate evap 
orated over the water-bath; leucine and tyrosine crystallize; they may 
be separated by extraction of the residue with hot alcohol, which dissolves 
the leucine and leaves the tyrosine. The leucine left by evaporation of 
the alcoholic solution may be recognized by its crystalline form and by 
the following characters : Ist, a small portion is moistened on platinum 
foil with nitric acid, which is then cautiously evaporated; a colorless res- 
idue remains, which, when warmed with caustic soda solution, turns yel- 
low or brown, and by further concentration is converted into oily drops, 
which do nut adhere to the platinum (Scherer's test); 2d, a portion 
of the residue is heated in a dry test-tube; it melts into oily drops, and 
the odor of amylarainc (odor of ammonia combined with that of fusel oil) 
is observed; 3d, if a boiling mixture of leucine and solution of neutral 
lead acetate be carefully neutralized with ammonia, brilliant crystals of a 
compound of leucine and lead oxide separate; 4th, leucine carefully 
heated in a. glass tube open at both ends, to 170°, sublimes without fu^, 
ing, and condenses iu flocculent shreds, resembling those of subHn 
zinc oxide. If heated beyond 180°, the decomposition mentioned in 



Tyrosine, C,U,,NO,. 



A substance which certainly does not belong to this series, and 
probably an amido-acidof the aromatic series; nevertheless, as Its consti- 
tution is still undetermined, and as it is almost universally found to ac- 
company leucinenn animal tissues and in the products of their decompo- 
sition, it may be considered in this place. 

The methods of its formation and preparation are given under len*. 

It crystallizes from its watery and ammoniacal solutions in silky ne^' 
dies, arranged in stellate bundles; very sparingly soluble in cold water; 
almost insoluble in alcohol; more soluble in hot water. When heated it 
turns brown and yields an oily matter having the odor of phenol; when 
heated in small quantities to 370°, it is decomposed into carbon dioxide 
and a white solid, having the composition C,H„NO, which sublimea. It 
combines with both acids and bases. 

It has been found in animal nature in the same situations as leucine. 
When taken into the stomach it is not altered In the economy, but is elim- 
inated in the urine and fieces. 

Tyrosine may be recocrnized by the following characters: 1st, its 
talline form; 2d, when heated it does not sublime, but gives off 



1 

d ill 



1 



ORBAXINIKK. 217 

resembling tliat of plienol; 3d, when moistened on platinum foil with 
nitric acid and thia carefully evaporated, it diasolves and leaves a deep yel- 
low residue, which, when moistened with sodic hydrate solutioa, turns 
deep yellowish red and leaves, on evaporation of the soda, a dark browii 
residue (Scherer); 4th, when moistened on a porcelain dish with con- 
centrated sulphuric acid and slightly warmed, it dissolves with a transient 
red color; the solution, diluted with water, neutralized with calcium car- 
bonate and filtered, g-ives a liquid to which a neutral solution of ferric 
chloride communicates a fine violet color (Ptria); 5th, if boiled with a 
solution of acid nitrate of mercury, a piuk color is first observed, and later 
a red precipitate (Hoffmann, L. Meyer). 



Creatine, C.H,N,0,+Aq. 

Another complex amido-acid, which occurs as a tiormal constituent of 
the juices of muscular tissue, voluntary and involuntary, of brain, blood, 
and amniotic fluid. Its existence in the urine is very doubtful. 

It is best obtained from the llesh of the fowl, which contains 0.32 per 
cent., or from beef-heart, which contains 0.14 per cent., by hashing, 
warming with alcohol and expressing' strongly; the alcohol is distilled off, 
the residual liquid precipitated with lead acetate, filtered, treated with 
hydrogen sulphide, again filtered, the filtrate evaporated to a syrup, from 
which the creatine crystallizes. 

It is soluble in boihng water and in alcohol, insoluble in other; crya- 
tailizes in brilliant, oblique, rhombic prisms; neutral, tasteless, loses &q, 
»t 100*; fuses and decomposes at higher temperatures. 

When long heated with water or treated with concentrated acids, it 
loses H,0, and is converted into creatinine. Ilaryta water deconiposes it 
into aaroosiiie and urea. It is not precipitated by silver nitrate, except 
when it is in excess and in presence of a small quantity of potassium 
hydrate; the white precipitate so obtained is soluble in excess of potash, 
from which a jelly separates which turns black, slowly at ordinary tem- 
«ratures, rapidly at 100°. A white precipitate, which turns black when 
leated, is also formed when a solution of creatine is similarly treated with 
.mercuric chloride and potash. 

Creatin is undoubtedly an intermediate product of disassimilation of 
the albuniinoiil constituents of the tissues in which it occurs; it is not dis- 
charged as such, but only after decomposition into creatinine and into urea, 
both of which increase in quantity in the urine when creatine is taken. 



1 






Creatinine, C,H,N,0. 

A product of the dehydration of creatine, is a normal and constant 
eonstituent of the urine and amniotic fluid, and has also been found to 
exist in the blood and muscular tissue. 

It crystallizes in oblique, rhombic prisms, soluble in water and in hot 
alcohol; insoluble in ether. It is a strong base, has an alkaline taste and 
reaction, expels ammonia from the amnioniacal salts, and forms well-defined 
aalts, among which is the double chloride of vine and creatiiiiae (C,II, 
N 0),ZnCl„ obtained in very sparingly soluble, oblique prismatic crystals, 
waen alcoholic solutions of creatinine and zinc chloride are luixod. 
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The quKotitT of creatinine eliminated is sligbtly greatiir timn that of aril 
acid, U.6— 1.3 gmm in tireiity-four hoars; it is not increased by muscnli' 
exercise, but is diminished in progressive muscular atrophy. It is obtsiiM 
from the urine by precipitation with zinc chloride. 



k 



COMPOUNDS OF THE ALCOHOLIC RAX)IGALS 
OTHER ELEMENTS. 

The organic substancea hitherto considered are composed o 
elements only: carbon, hydrogen, oxygen, nitrogen, chlorine, bromine, 
and iodine; but compounds of carbon containing every known element have 
been observed to exist In nature, or have been produced artiRcially. Of 
these quite a number may be considered as containing the radicals of the 
series C,IIn.,i, which exist in the monoatomic alcohols. Tliese bodies are 
almost exclusively the products of the iaboratorv, and resemble in consti- 
tution some of the compounds already considered. 

Sulphides.— The compounds ot the alcoholic radicals with sulphur 
iaine in constitution as those with oxygen, sulphur taking tho 
oxygen; 



pi, 



o- 



Btbyl Dildu 



S" 



C,H.1„„ 

cXf 



iiblained ii 



ich the oxygen is repUoo^' 



Similar compounds have bi 
by tellurium or by selenium. 

Etli*/l sulphyctrate, usually known as mercaptan, from its tendency to 
unite with mercury [eoi-piis mercurium captaiis), is formed in a great 
variety of reactions. It is best prepared by treating alcohol with onl- 
phuric acid, as in the preparation of sulphovinio acid {y, v.), mixing th« 
crude product with excess of potash, separating from the crystals of pot 
sium sulphate, saturating with hydrogen sulphide, and distilling. 

It is a mobile, colorless liquid; ap. gr. O.S325, at 21°; has an intensi 
disagreeable odor, combined of those of garlic and sulphuretted hydrogaii|'J 
boils at 3C.2°; ignites readily and bums with a blue flame; may be readily 
frozen by the cold produced by its own evaporation; neutral ia reaction; 
sparingly soluble in water, soluble in all proportions in alcohol and ether; 
dissolves iodine, sulphur, phosphorus. 

Potassium and sodium act witli mercaptan as with alcohol, replacing' 
the extra-radical hydrogen. In its behavior toward the oxides it more 
closely resembles the acids than the alcohols, being capable even of enter- 
ing into double decomposition to form salts, called gulphethykUea 
captides. Its action with mercuric oxide is charaoteristio, forming 
white, crystalline sulphide of ethyl and mercury: 
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Kthj'l Knliihyclniti, 



MfTCdiio dxIeI 






11.0 



3t forms similar compounds i 
Jithyl gttlp/iule, a oolorles; 

odor of garlic; boiling at 73' 



ith gold and platinum, 
liquid; having a penetrating, disagreeabl 
; insoluble in water, soluble in alodiol; iwij 
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ftaramablu; obt&inod by tlic action of ethyl ohlorido upon potussiurn aul- 

PhosphineB, arslnea, and stibines are cnrnpounds rnseinbling the 
RmiDes iti constitution, in which the nitrogen is replaced by phosphorus, 
Arsenic, or antimony; like the amines, they may be primars-, secondary^ 
or tertiary: 






C,H, 1 



C,H., 
C,H, 



There also exist compounds containing phosphorus, antimony, or ane- 
nio, which are similar in constitution to the Jirdrates and salts of ammo- 
nium, and of the compound a 



N (CH,)J 



As (CH,).I 

:oCni£d8thTl ««Dian 



e very numerous, are as yet only 
rever, is deserving of notice here: 

insidered os being tlie 



Most of these compounds, which s 
of theoretic interest. One of them, h( 
CH, 1 
Dimethyl araine, CH > As — which may be ( 

h) 

hydride of the radical [As (Cil,),], does not exist as such; there was, how- 
over, discovered by Cadet, in 1760, & liquid known as tho fuming lifpior 
of Cadet, or alkareiii, which he obtained by distilling a mixture of potas- 
sium acetate and arsenic trioxide. This liquid was made the subject of 
most suocessful study by Bunsen, who found that it contained the oxide 
of the above radical, and a substance which iguited on contact with air, 
and which consists o( the same radical united to itself 3[As (CH,),]. He 
subsequently found that this radical, to which he gave the name of caco- 
dyle {kiuiois = evU), was capable of entering into a great number of other 
combinations. Cfacodylo and its compounds are all exceedingly poison- 
ous, especially the cyanide, an ethereal liquid, very volatile, the presence 
of whose vapor in inspired nir, even in minute traoes, produces symptoms 
referable both to arsenic and to hydrocyanic acid. 

Oi^ano-metallio su'bstanoeB are compounds of the alcoholic radi- 
cals with that class of elements usually designated as metallic. They 
art* very numerous, usually obtained by the action of the iodide of the 
alcoholic radical upon the metallic element, in an atmosphere of hydrogen. 
They are substances which, although they have been put to no uses in 
the arts or iu medicine, have been of great practical service in chemical 
research. As typical of this class of substances we may mention: 

Zinc-ethyl, p'ri* \ Zn — a substance discovered In 1849, by Frankland, 

It is obtained by heating at 130° in a sealed tube a mixture of perfectly 
dry zino amalgam with ethyl iodide; the contents of the tube are then 
distilled in an atmosphere of coal-gas, or hydrogen, and the distillata 
ooll«oted in a receiver, in which It can bo seated by fusion of the ftl^sa 
wilboat oont&ct with air. 
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It is a colorless, transparent, highly refracting liquid; sp. §nr. 1.182; 
boils at 118^. On contact with air it ignites and burns witn a laminous 
flame, bordered with green, and gives off dense clouds of zinc oxide, a 
property which renders it very dangerous to handle. With carbon dioxide 
it combines to form zinc propionate: 

Zn(C.U,). + 2C0. = (C,H.O.).Zn. 

Zinc ethyl. Carbon dioxide. Zino propionate. 

Oil contact with water it is immediately decomposed into zino hydrate 
4iiid ethyl hydride. It is chiefly useful as an agent by which the radical 
ethyl can be introduced into organic molecules; thus, by the action of 
zinc ethyl upon acetyl chloride, a compound of acetyl and ethyl is ob- 
tained : 

Zn(C.HJ. -f 2C.n,OCl = ZnCl, H- 2(C.H,0,C,HJ 

Zino-ethyL Acetyl chloride. Zinc chloride. Aoetyl-eChyL 



aiAmYiac series. 

The compounds which we have heretofore considered may be derived 
more or less directly from the saturated hydrocarbons; in the derivatives, 
as in the hydrocarbons, the valences of the carbon atoms are all satisfied, 
and that in the simplest and most complete manner, two neighboring 
atoms of carbon always exchanging a single valence. There exist, how- 
•ever, other compounds, containing less hydrogen in proportion to carbon 
than those already considered, and yet resembling them in being mono- 
atomic. These compounds have usually been considered as non^atura/ted^ 
because all the possible valences are not satisfied, and the substances are 
therefore capable of forming products of additiofij while the scUuroJled 
•compounds can only form products of substitiUion, 

In this sense the substances composing this series are non-saturated, 
but they are not so in the sense that they contain carbon or other atoms 
whose valences are not satisfied. The following formuke indicate the 
•constitution of the substances of this series, and their relation to those 
of the previous one. It will be observed that in the allyl compounds two 
neighboring atoms of carbon exchange two valences: 



CH, Oil, CH, CH, 

CH. CH. CIL CH. 



CH.H CH.OH COH C 



OOH 
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or or or or 
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Propyl hydride Propyl hydrate Propfonyl hydride Propionyl hydrate PMifVl 

<hydrocarl)on). (alcohol). (aldehyde). (aold). 



en 
Ah. 
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CIl 
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C.H.I 
O.U. f 



(C.H, 



v;i" 



UlylbVdrmt 



(C.n.O)' ( 
H| 



(C.H,0^|0 



(C,Il,)' 



Dlallyl, ^'jj* ' —formerly known as a%/, is obtained by tho action 
ot sodium upon allyi iodide, and is not, as its empirical formula would 
aeem to indicate, a superior homologue of acetylene and allylenc {tj, v.). 

It is a colorless liquid, having a peculiar odor, somewhat resembling 
that of horseradish; boils at 50°; sp. gr, 0.G84 at 14°; burns with a lumi— 

AUyl iodide, C.II.I— is a colorless liquid, having an ethereal, alli- 
aceous odor; boihng at 101°; sp. gr, 1.789 at 10°; obtained by the action 
of ]ihosphorus triiodide upon either allylio alcohol or glycerin. 



Allyl hydrate — Alli/lic alcohol — 
Ta,riety of methods: 



''•',', to-, 



-may bo obtained by i 



First. — i3y the action of silver oxalate upon allyl iodide, allyl oxalate 
is formed; this is then decomposed with ammonia, afid oxamide and ally! 
hydrate are obtained. 

Second. — By the action of sodium upon diohlorhydrine in ethereid 
Buiution. 

77iiril. — The best process consists in heating four parts of glycoriu 
with one part of crystalUied oxalic acid. In the first stage of the oper- 
ation carbon dioxide is given oS abundantly; as the temperature rises 
the formation of carbon dioxide diminishes, and again increases at about 
100% when allyl alcohol begins to bo formed; at this time the receiver 
connected with the retort, in which the mixture is heated, is changed, 
and the heat increased to about 260°. The product, which is a mixture 
of allyl alcohol with allyl formiate, formic acid, aarolein, and glycerin, is 
purified by agitation with sodium carbonate and with caustic potaasa, 
after which it is rectified, and finally distilled from quicklime. 

Allylic alcohol is a colorless, mobile liquid; solidifies at —54°; boils 
at fl7°; »p. gr, 0.8507 at 25°; soluble in water; has an odor resembling 
the combined odors of alcohol and essence of mustard; burns with a 



AJlyl alcohol is isomeric with propylic aldehyde and with acetone. 
Being an unsaturated compound, it is capable of forming products of 
addition with chlorine, bromine, and iodine, etc., which are isomeric or 
identical with products of substitution obtained by the action of the same 
elements ujion glycerin (see Glyceridea, p. 277), Oxidizing ageuta con- 
vert it first into acrolein, acrylic aldehyde, 0,11,0, and hnall)' into acrylic 
auid. It dous not combine readilv wilh hydrogen, but in the presence of 
nascent hydrogen oomblnation takes place slowly, with formation of pro- 
jiylto alcoliol. 
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C,H. 



Allyloxide — AUylicether — (''jj* f ^ — exists in smal! qui 
crude esseuce of garlic. It is obtained &b a. colorlesB liquid, having ■ 
alliaceous odor; insoluble in water; boiling at 83°, by a number of rew 
tions, but best by the action of allyl iodide upon sodium allyl oxide: 



C.H, 



iodUF. Sodium alljl Sodlnm lodUli 



C.H, 



lit 



Allyl sulphide — Etsejice ofgarlio 



V S — is obtained by tlifl ao> 



tion of an alcoholic solution of potassium sulphide upon allyl iodide; also 
&s a coiiatitueni of the volatile c'' 



ail of garlic, by macerating garlic, or 
other related vegetables, in water and distilling. Crude essence of gartio 
is thus obtained as a heavy, fetid, brown oil; this is purified by redis- 
tillation below 140°; contact with potassium and subsequent redistUIatioB 
form calcium chloride. 

As thus obtained it is a colorless, transparent oil; lighter than watny., 
sparingly soluble in water, very soluble in alcohol and ether; boils at 140*' 
has an intense odor of garlic. 

This substance does not exist naturally in the plant, or at li 
not in quantities at all approximating to those in which it is obtained fi 
it; it is formed during tbe process of extraction by the action of wato^ 
probably in a manner similar to that in which essence of mustard is formed 
under similar circumstances. It is to tbe formation of allyl sulphide, 
which is highly volatile, that garlic owes the odor which it eniits^ espe- 
cially when heated with water, as in cooking. 

CN 

Allyl sulphooyanate — Eamntialoil vftnuatard — q tj 

seedsof white or iilack mustard be strongly expressed, a bland, neutral 
is obtained, which resembles rapeseed and colza oils in its physical prop- 
erties, and in being composed of the glycerides of stearic, oleic and eruoio 
acids. The cake remaining after the expression of this oil from bl(uA 
iniiatard, or the black-mustard seeds themselves, pulverized and mois- 
tened with water, gives off a strong, pungent odor. If the water be now 
distilled, a volatile oil passes over with it, which is tbe crude essential 
-oil of mustard. 

In practice the powdered cake of black-mustard seeds, from which th« 
fixed oil has been expressed, is digested with four to six parts of water for 
twenty-four hours, after which the water is distilled as long as any oily 
matter passes over; the oil is collected, dried by contact with calcium 
chloride, and redistilled. Esseno of mustard may also be obtained syn- 
thetically by the action of allvl bromide or iodide upon potassium su]ph< 
cyanato, or by the action of allyl iodide upon silver sulphocyani 

This essence does not exist preformed in the mustard, but results froi 
the decomposition of a peculiar constituent of the seeds, /xi^twaiMwt myto- 
note, determined by a fermentation set up by another constituent, mj/ro- 
eine, in the presence of water — the decomposition probably occurring 
According to the equatioi 
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CNS.C.H, 

Allj'l -nlpliiwyuuK 



SO.HK ^H 
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ACIDS AND J 

J't/tiueiunt iiiyroniite exists only in appreciable quantity in the blaulc 
variety of mustard, from which it may bo obtained in the shape of sliort, 
prigmalio crystals, transparent, odorless, bitter; very Boluble in water, 
sparingly so in alcohol. 

tyrosine is a. nitrogeni^ed ferment existing in the white as well as 
in the black mustard, and in other seeds. It may be obtained from white- 
mustard seeds, in an impure form, by extraction with cold water, filtering 
and evaporating the solution at a temperature below 40°; the syrupy 
fluid so obtained is precipitated with alcohol, the precipitate washed 
with aluohol, rodissolved in water, and the solution evaporated below 40° 
to dryness. 

At temperatures above iO" myrosine becomes coagulated and inca- 
pable of decomposing potassium myronate, a change which is also pro- 
duced by contact with acetic acid. As the rubefacient and vesicant 
nctions of mustard, when moistened with water, are due to the production 
cif allyl sulphocyanate, it is obvious that neither vinegar, acetic acid, 
or heat greater than 40", should be used in the preparation of mustard 
cataplasms. The prepared mustard plasters or papers which are now in 
use are made by spreading the flour of mustard, mixed with benzol or 
carbon disulphide and caoutchouc, upon paper. 

Pure allyl sulphocyanate is a transparent, colorless oil; sp. gr. 1.015 
at 20°; boils at 143°; has a penetrating, pungent odor, sparingly soluble 
in water, very soluble in alcohol and ether. When exposed to the light it 
gradually turns brownish yellow and deposits a rcsinoid material. When 
applied to the skin it produces rubefaction, quickly followed by vesication. 

Menthyl hydrate — Menthol — Menthic alcohol — Peppermint cam- 
phor— " ^ I O— is a superior homologue of allyl alcohol, and is a solid 
deposited by tne essential oil of peppermint. When purified it forms color- 
less, prismatic crystals; insoluble in water, soluble in alcohol, ether, and 
ia acids; fuses at 34° — 36°; boils at 213°; has the odor and taste of pep- 
permint strongly developed. It is capable of yielding, under suitable 
cooditions, ethers of a radical, mtnlhyl, and a hydrocarbon — me/Uheite, 
C..H,.. 



ACIDS AND AXJIEHYDBS OF THE ACRYIJC SERIES. 



These substances bear the same relation to ti 
series that the volatile fatty acids and the corresp 
to the ethylio series of alcohols. The following t 
been obtained: 



Acids. 

Aorylio acid C,0,n 

Crotonio C,0,II, 

Angelic ^fi3, 

Pyrotorebic C.O.H,. 

Oleio C,.OH 



2 alcohols of the allyl 
nding aldehydes bear 

rms of the series have 



C,H„^,0. 

Acrolein C.OH, 

Crotonio aldehyde U.OII, 



The acids of this series dilTer from those containing the same number 
of oarbon atoms in the formic scries, by containing two atoms of hydcor- 
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gen less; they are readily converted into acids of the formic aeries hj 
the action of potassium m fusion, which forms with them the potassium 
salt of acetic acid and that of the acid of the formic aeriea oontainiDg 
the complementary number of carbon atoms, thus: 

C,H,0. + 2KH0 = C.H,0,K -h CHO.K + H, 

Aoiylic add. Acetate. 



C H O ) 
Aozylio acid — * 'it r ^ — ^ obtained by oxidation of acrolein, 

acrylic aldehyde, by silver oxide, and is formed in a number of other re- 
actions; as a product of the oxidation of acrolein, it is formed when grease 
is strongly heated. 

It is a colorless, highly acid liquid; has a penetrating odor; solidifies 
at 7°; boils at 140°; distils unchanged with vapor of water. 

Nascent hydrogen unites with it to form proprlonic acid. It readily 
forms crystallized salts and ethers. There exist products of substitution 
with chlorine and bromine. 

Acrylic aldehyde — Allylic aldehyde — Acrolein — C,H,0 ) ^, 

the fats and fixed oils are decomposed by heat, a disagreeable, irritating 
odor is produced, which is due to the formation of acrolein by the dehy- 
dration of the glycerin contained in the fatty materiaL Acrolein may 
be obtained by heating glycerin with strong sulphuric acid, or with hy- 
dropotassic sulphate. Glycerin is the alcohol (hydrate) of a radical hav- 
ing the same composition as allyl, but so differing from it in constitution 
as to be trivalent in place of univalent. 

(C,H.)"'(OH), = 2H.0 4- (C,H,0)'H 

Olyoerin. Water. AcroleiiL 

The condensed product of this reaction, which must be conducted in 
an atmosphere of carbon dioxide, in a capacious retort and receiver, and 
in such a way that the uncondensed products arc discharged into the 
open air, are purified by contact with lead oxide, and subsequent distilla- 
tion from calcium chloride. 

Acrolein is a colorless, limpid liquid; lighter than water; boils at 52.4^; 
sparingly soluble in water; more soluble in alcohol ; very volatile, its 
vapor having a very pungent odor and producing irritation and suffoca- 
tion to such a degree that the presence of a very small quantity in a con- 
fined space renders the atmosphere irrespirable ; its taste is caustic. 
When freshly prepared it is neutral in reaction, but on contact with air it 
rapidly becomes acid by oxidation. For the same reason it does not keep 
well, even in closed vessels; on standing it deposits a fiocculent material, 
which has been called disocryly while at the same time formic, acetic, and 
acrylic acids are formed. 

Oxidizing agents convert acrolein into acrylic acid, or, if they be ener- 
getic, into a mixture of formic and acetic acids. The caustic alkalies 
produce from it resinoid substances similar to those formed from acetic 
aldehyde. With ammonia it forms a crystalline, odorless compound, 
which behaves as a base. 

Acrolein is formed whenever glycerin, or any substance containiDff it 
or its compounds with the fatty acids, is heated to a temperature suffioient 
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to ofTeut its decomposition; for this re&soti, and because of the irritBitinK 
action of the acrolein, the heavy petroleum -oils are preferable to those <rf 
vegetable or aniinai origin for tlie lubricating of machinery operated in en- 
closed places. 

—was first obtained from croton-o 



Crotonio acid, ^-^'^ i O- 



tifflii (U. S.), in which it exists in combination with glycerin, and aocom- 
panied by the glycerin etiiers of several other fatty acids; it ia, however, 
neither the vesicant nor the purgative principle of the oil. It may bs 
obtained by sapunificuCion of croton-oil, or, better, by the action of potsft- 
Bium hydrate upon allyl cyanide: 

C,H„CN + KHO + H,0 = C.H.O.OK + NH, 



It ia an oily liquid; solidifies at —5°; acrid in taste; gives off highly 
irritating vapors at temperatures slightly above 0°, When taken intei^ 
nally it acts as an irritant poison. 

An acid obtained by oxidation of crotonic aldehyde is probably aniao- 
tnere, as it is in the form of crystals at ordinary temperatures, and only 
fuses at 73°, 

Crotonio acid forms well-defined salts, and products of substitution 
with chlorine and bromine. 

Crotonic aldehyde, ' *„ > . — If aldehyde, water, and hydrochlorio 

aoid be misled together at a low temperature, and the mixture exposed to 
diffused daylight for some days, an oily li(|uid is formed, which, after puri- 
fication, has the composition 0,11,0,. This substance, known as alctot, 
when exposed to heat, is decomposed into water and crotonic aldehyde; 



C.H.O. 



H,0 + C.H.O 



Crotonio aldehyde ia a colorless liquid; boils at 105°; gives off highly 
irritating vapors. It ia only of interest as bearing the same relation *• 
oroton chloral that aideiiyde does to chloral. 

Oroton ohloral—Trkhlorocroton aldfhyde— ' ' '2\ —a sub- 
Btance which haa been recently introduced into medicine as an anKsthetie 
whose action is particularly directed to the sensory nerves distributed to 
the head and face. It ia prepared by directing a current of chlorine 
through acetic aldehyde aa ordinary chloral is obtained by the action of 
chlorine upon ethylic alcohol (see p. 201). The first action of the chlorina 
is to convert ethylio aldehyde into crotonic aldehyde by condensation aod 
elimination of water; in tSie second stage of the reaction the substitution 
of three atoms of chlorine for an equal number of atoma of hydrogen in 
the oroton aldehyde thus formed takes place. 

Aogello acid, ' '{j [ O— exists in angelica root, Angelica (U. S.), 
in the flowers of chamomile. Antltemu (IJ. S.). and in croton-oil. 

It crystallizes in colorless prisma, which fuse at 45.5°; boils at 185°; 
15 
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hss an aromalio odor and an acid, pungent taste; sparinj^ly aoluble in cold 
water; n-adJIy soluble in hot water, alcohol, and eiher, Bv the action of he«l 
it is converted into its isomere, melhyk-rotonic <Kid, • ' ^ •'„ [ O. 

Tha £ii»tiii:e o/c/iamomik, Oleum a7itfi(midi« {Br.), ia ^mixture in 
iug proportions of compound ethers, in which amyl and butyl an^lat 
predominate. 

Oleic acid, >* "^i [ O — exists as its glycerin ether, oMn, in mi 

if not in all, the fats and in all fixed oils. It is obtained in an irapni 
form on a largo scale, industrially, as a by-product in the manufacture or 
candles. This product is, however, very inijiure ; to purify it, it is first cooled 
to zero, the liquid portion ooUected, cooled to —10", expressed, and the 
solid portion collected; this is melted and treated with half its weight of 
massicot; the lead olcate so obtained is dissolved out by ether; the de- 
canted ethereal solution is shaken with hydrochloric acid, the ethereal 
.layer decanted and evaporated, when it leaves oleic acid, conlaminaled 
With a small quantity of oxj'oleic acid, from which it can be purified ohIt^ 
by a tedious process. 

Pure oleic acid is a white, pearly, crystalline solid, which fuses t 
"colorless liquid at 14°; when cold liquid oleic acid is warmed, it solidi 
at 4°; it is odorless and tasteless; soluble in alcohol, ether, and cold sul- 
ihurio acid; insoluble in water; sp. gr. O.SUS at 1U°; neutral in reaction. 

;an ba distilled in vacuo without decomposition, but when heated in 

tact with air it is decomposed with formation of hydrocarbons, vola- 
tile fatty acids, and sebacjo acid. It dissolves the fatty acids readily, 
farming mixtures whoso consistenny varies with the proportions of 
liquid and solid acid which they contain. The solid acid is hut little 
altered by exposure to air, but when liquid it absorbs oxygen rapidly, 
becomes yellow, rancid, acid in reaction, and incapable of solidifying 
when cooled; these changes take place the more rapidly the higher the 
temperature. 

Chlorine and bromine attack oleic acid with formation of products of 
substitution. If oleic acid be heated with an excess of caustic potassa to 
S00°, it is decomposed into palmitic and acetic acids: 

0„H,.O. + 3KH0 = C,.H.,O.K +■ C.H.O.K + H, 

OlaloBold. PotHrinra Pntaiidiini FMuilnm 

A reaction which is utilised industrially to obtain hard soaps, palmitates, 
form olein, which itself only forms soft soaps. Cold sulplniric acid dis- 
solves oleic acid, and deposits it unaltered on the addition of water; but 
if the acid solution be heated it turns brown and gives off sulphur dioiide. 
Nitric acid oxidizes it energetically with formation of a number of vola- 
tile fatty acids and acids of another series — suberic, adipic, etc. The 
oleates of the alkaline metals are soft, soluble soaps; those of the earthy 
metals are insoluble in water, but soluble in alcohol and in ether. 

Elaidic acid is an isomere of oleic acid, produced by the action upon 
it of nitrous acid in the preparation of Unffueutum hydrarfft/ri nitratta (U. 
S., Br.), The nitrous fumes formed convert the oleic acid contained in 
the oil and lard used into elaidic acid, which exists in the ointment in 
combination with mercury. 
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POLYATOMIC COMPOUNDS. 

Tho organic compounds hitherto considered msj be looked upon as 
compounds of univalent carbon radicals, these radicals existing in tho 
alcohols and acids in combination with an atom each of oxygen and 
hydrogen; they are called r/tonoatotntc because they contain a single 
atom of hydrogen capable of being replaced by an alcoholic .radical. 
There exist other (^arbun compounds, in which the radicals, containing a 
less number of hydrogen atoms as compared with the number of carbon 
atoms, have a valence greater than one ; these radicals form acids, alcohols, 
etc., in which the number of atoms of replaceable hydrogen is greater 
than one, and which are designated as polyatomic. 



NON-SATURATED HTDROGABBONS. 

Besides the componnda of carbon and hydrogen described on pp. 149- 
157, in which all the valences of the carbon atoms are satisfied either by 
the attachment of hydrogen atoms, or by tho interchange of a single 
valence between neighboring carbon atoms, there exist many others in 
which the proportion of hydrogen to carbon is less. These compounds 
ATO non-taiurated \n this, that they are capable of uniting directly with 
atoms of other elements, or with radicals, to form products of addition, 
while the composition of the saturated hydrocarbons can only be modified 
by ttihttitiUion ; thoy are not, however, to be considered as containing 
any unsatisfied valence. 

These hydrocarbons are very numerous, and may be arranged in ho- 
mologous series, as shown in the following table (p. Ti^), each succeeding 
■eriea containing a less amount of hydrogen in proportion to the carbon: 

£ach series and its derivatives will be considered in the order given 
in the table. 



SECOND SERIES OF HYDROCARBONS— OLEFINES. 

Sekies C,U^, 

The terms of this series contain two atoms of hydrogen leas than the 
corresponding terms of the first series; they differ in constitution in this, 
that, while in the first series a single valence is exchanged bttweon each 
two neighboring carbon atoms, in the second series two valences are 
ezohanged between two of the carbon atoms: 



C = U, 



Ln. 



They arc designated as oUfinet, a name derived from s propwty of the 
aeoond in the series, which was formerly known as olefiant gas\ <^t,i<;i^'A- 
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SECOND SERIES OF IITDBOOARBONS OLEFHTES. 



the terms of Iho first 
<X la called ethyUne o 



series, by tlie terinitintions ylene or 
' eihe>i€. Tlicy behave as divalant 



iaethene^Me(hi/lene^CU,—i3 o! douhtful existence, known only 
I combitiatiun, £!thene — Mhylene— OlefiaiU gas — Elayl — Heavy car- 



burette J Jiydrogcn— 



—is formed by tlie dry distillation of fats, resins, 



(Jli, 

wood, and coul, and is one of the most important constituents of illuinina- 
tinff gas. It is also obtained bj^ the dehydration of alcohol or ether. 

It has been obtained synthetically in three ways: 1st, by passing a mix- 
ture of hydrogen snlphide and carbon monoxide over iron or copper heated 
to redness; 2d, by heating acetylene in the presence of hydrogen, or by 
the action of nascent hydrogen upon copper acetylide; 3d, by the action 
of liydrogen upon the chloride C,C1„ obtained by the action of chlorine 
upon oarbon diaulphide. 

It is prepared in the laboratory by the dehydration of alcohol by sul- 
phuric acid: a mixture of four parts by weig^ht of sulphuric acid and one 
part of alcohol is placed in a flask containing enough sanJ to form a thin 
paste, and graduallv heated to about 170°; the gas, which is given off in 
abundance, is purified by causing it to pass through wiish-bottlcs con- 
taining wati;r, an alkaline solution, and concentrated sulphuric acid, and 
may be collected over water. 

Pure ethylene is a colorless gas; tasteless; has a faint odor resembling 
that of salt water, or an ethereal odor when impure; irrespirable; spar* 
in^ly soluble in water, more soluble in alcohol. It burns with a luminous, 
white flame, and forms explosive mixtures with air and oxygen. When 
heated for some time at a dull red heat it is converted into acetylene, 
ethyl and methyl hydrides, a tarry product, and carbon. 

Ethylene readily enters into combination. It unites with hydrogen 
to form ethyl hydride, C,H,. With oxyeen it unites explosively oa the 
approach of a flame, with formation of carbon dioxide and water, Oxidiz- 
■ ing agents, such as potassium permanganate in alkaline solution, convert 
it into oxalic acid and water. A mixture of chlorine and etheoi-, in the 
proportion of two volumes of the former to one of the latter, unite with 
an explosion on contact with Qamc, the union being attended with a 
copious deposition of carbon and the formation of bydrochloric acid. 
Chlorine andethene, mixed in equal volumes and exposed to diffused day- 
^ht, unite slowly, with formation of an oily liquid; elhene chloride, C, 
^Cl, ; Dutch li'juifl, to whose formation ethene owes the name o/j/f- 
tuU go*. By suitable means ethene may also be made to yield chlorinated 

Eroductsof substitution, the highest of which is carbon teiracliioride, C,' 
1,. Bromine and iodine also form products of addition and of substitu- 
tion with ethene. By union with (OH), it forms glycol (q. v.). It slowly 
dissolves in ordinary siilphuric acid, with formation of sulphovlnic aoia; 
with fuming sulphuric acid it combines with elevation of temjurature and 
formation of ethionie anhydride. 

When inhaled, diluted with air, ethene produces efTects somewhat 
similar to those of nitrous oxide. 

The higher terms of this aeries are of theoretical interest only, except 
the fifth. 

Peatene — Amylene or vaUrine — C,II„ — a colorless, mobile liquid, 
boiling at 39°; obtained bv heating amylic alcohol with a concentrated 
•ulution of zino chloride. Its use as an anssthetia has been suggested. 
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CH,C1 

Ethene ohloride — Bichloride of ethylene — IhUch liquid— I 

CKCl 
is obtained by passing a current of ethene through a retort in which 
chlorine is being generated and connected with a cooled receiver. The 
distillate is washed with a solution of caustic potassa, afterward with 
water, and is finally rectified. 

It is a colorless, oily liquid, which boils at S2.5°; has a sweetish taste 
and an ethereal odor. It is isomeric, but not identical with the chloride of 

C,H,C1 
nionochlorinated ethyl, I , which boils at G4^. It is capable of fixing 

other atoms of chlorine by substitution for hydrogen, and thus forming a 
series of chlorinated derivatives^ the highest of which is G,C1^. 



DIATOMIC ALCOHOLS. 



Skkiks C,H,»^.,0,. 



These substances, which are of great theoretical interest, were discoy- 
ered in 1856 by Wurtz, and are usually designated as glycols. They are 
the hydrates of the hydrocarbons of the series CmH,,, and consist of those 
hydrocarbons, playing the part of divalent radicals, united with two groups 
OH; their general typical formula is then (0 JI^)'' ) ^^ ^^^ ^^^^ ^^^ 

(p. 150) that the primary monoatomic alcohols contain the group of 
atoms (CITjOU)' united with n(C,H,»+,); the primary glycols are simi- 
larly constructed, and consist of twice the group (CILOH), united in the 
higher terms to n((J„lI,»). The constitution of tne glycols and their re- 
lations to the monoatomic alcohols is indicated by the following formulae: 

CH,OH CH,on 

CH, CH, 

CH, CH,OH 

Prinuury propyl aoohd. Primary propyl glyooL 

As the monoatomic alcohols are such by containing in their molecules 
a group (OU), closely attached to an electro-positive group, and capable 
of removal and replacement by an electro-negative group or atom, so the 
glycols are diatomic by the fact that they contain two such groups (OH) ; 
as the monoatomic alcohols are therefor only capable of forming a single 
ether with a monobasic acid, the glycols are capable of forming two such 
ethers: 

CK. (C.H.O.)' CH. (C,H.O.)' CH. (C.H.O.)' 

in, CH,OH CH,(C,H,OJ' 

Ethyl Aoetata. MonoAoetlo fi^yooL Dlaoetlo glyooL 



For the products of osid&tion of the glycols, see p. 23'i et se 

Ethene glycol — Mhyletie gli/col or Alcohol or ITydrate — [ 

CH.C 



l.OU 



I,OH 

Tliis, the best known of the gl.vi^ols, waa first obtauied by Wurtz. It 
iit prupartid by tLo action of dry silver aoutiiteupon c-thylene bromide; 

C,H.,nr, + 2C,H,0,Ag = 2Ag Br + (C,II,OJ,f'.H. 

Bth>]au bnimida. Ulw KgUU. BUvet bnuU^ DUcnlc gljmaL 

The ether so obtained is purified by redistillation, and decomposed by 
heating for some time with barium hydrate: 

(C,U.O,),C,n, + BaO,H, = (C,H,0,),Ba + C',H.,0,II, 

DiUDllo ttlJooL Burjoin hjiliMa. finrtoni ucuUl QlfooL 

It is a colorless, slightly viscous liquid; odorless; faintly sweet; sp. 
gr. 1.125 at 0°; boils at 197°; sparingly soluble in ether; very soluble m 
water and in alcohol. * 

It is not oxidised by simple exposure to air, but on contact with pla- 
tinum black it is oxidized to glyoolic acid; more energetic oxidants 
transform it into oxalic acid. Uliloriue acta slowly upou glycol iti the 
cold; more rapidly under tiie influence of heat, producing ciilorinated 
and other derivatives. By the action of dry hydrochloric acid upon 
oooled glycol, a product is funned intermediate between it and ethylene 
chloride, a neutral compound — ethene cAlorAvdraU or el/ieno clUorhydrin, 
CH,OH 
I , which boils at 130'. 

Bthene oxide — £Xhylene oxide — (C,H,)"0. — ^This substance, isomeric 

with aldehyde, is obtained by the action of potassium hydrate upon ethene 
chlorhydrate, mentioned above. 

It is a transparent, volatile liquid; boils at 13.5"; gives off inflamma- 
ble vapors; mixes with water \i\ all proportions. It is capahle of uniting 
directly with water to form glycol; and with hydrochloric acid gas to 
regenerate ethene chlorhydrate. 

The superior homologues of ethene glycol and of ethene oxide are only 
of interest from a theoretical point of view. 

Taurine, SO,C,H,N — is isomeric with a derivative of glycol, ieethi' 
cnamide. It is obtained from ox-bile by boiling with dilute hydrochlo- 
ric acid; decanting and concentrating the liquid; separating from tho 
sodium chloride which crystallizes; evaporating further, and precipitating 
with alcohol. The deposit is purified by recrystailization from alcohol. 

It crystallizes in large, transparent, oblique, rhombic prisms, permanent 
in air, quite soluble in water, almost insoluble in absolute alcohol and 
ether. 

Taurine has acid properties and forms salts; it is not attacked by sul- 
phuric, nitric or nilromuriatio acid, but is oxidized by nitrous acid, with 
formation of water, nitrocen, and isethionio acid. 

It exists ill the animaleconomy, in the bile in taurocholio acid (7. v.) ; 
and has also been detected in the intestine and fveces, muscle, blood, liver, 
kidneys, and lungs; the /JTi^umic a«i(f, described as existing in the lung, 
is taurine. When taken internally, it is eliminated by the urine, not in its 
own form, but as laurocarbamte or itelAionvrie acid, C,II,N SO,. 
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ACIDS DERIVSD FROM THE GLi70ai& 

As the acids of the acetic series are obtained from the primary mono* 
atomic alcohols by the substitution of O for H, in the characterizing 
group CH,OH: 

CH. CH, 

I I 

CH„OH CO,OH 

BUiylAloohoL JLurtie 



SO the diatomic alcohols may, by oxidation, be made to yield acids, formed 
by the same substitution of O for II,. But the elvcols differ from the 
monoatomic alcohols in containing two groups CH,OH, and they conse- 
quently yield two acids, as the substitution occurs in one or both of the 
alcoholic groups: 

CH^OH CH„OH CO,OH 

CH„OH CO,OH CO,OH 

Sthflne gljooL OlyooUc add. QzaIIo acid. 

A study of these two acids shows them to be possessed of ]>eculiar 
differences of function. Each of them contains t wo groups (OH), whose 
hydrogen is capable of replacement by an acid or alcoholic radical: 

CH„OC,H, CH„OH CH,OC,H, CO,OH CO,OC,n. 

COOH CO,OC,n. CO,OC,H, CO,0'C,H. io,oc,H, 

BthylglyooUcacid. Bfchyl glyoolate. Bthyl •Uiylglyoolate. EUiyknaUo add. BU&yl ozalata. 

They are, therefor, both said to be diatomic. The ability, however, of 
the two acids to form salts is not the same, for while oxalic acid is capable 
of forming two salts of univalent metals, and a salt of a divalent metal 
with a single molecule of the acid; gly colic acid only forms a single salt of an 
univalent metal, and two of its molecules are required to form a salt of a 
divalent metal; in other words, glycolic acid is monobasic while oxalic acid 
is dibasic. It is only that atom of hydrogen which is contained in the elec- 
tro-negative group coon, which is replaceable as acid hydrogen, while 
that of the electro- positive group CH^OU is only replaceable, as is the 
corresponding hydrogen of an alcohol. 

In general terms, therefor, the atomicity of an organic acid may be 
greater than its basicity^ the former representing the number of hydrogen 
atoms contained in its molecule, which are capable of being displaced by 
alcoholic radicals, while the latter represents the number of hydrogen 
atoms replaceable by electro-positive elements or radicals, with formation 
of salts or of ethers. 

There may, therefor, be obtained from the glycols, by more or less com- 
plete oxidation, two series of acids; those of the first are diatomic and 
monobasic; those of the second diatomic and dibasic 



DIATOMIC AND MONOBASIC ACIDS. 



DIATOKQC AND MONOBASIC ACIDS. 



Sbkikb c»ir„o,. 

The acids of this series at present known are: 

(Cailwnio Mid) CO.H, 1 BntjIacUa ncfd. .C.O.H. I Louoio acid 0,0,I{.| 

OI700IJ0 ncid C,0,1I, OzjWeiioDoid.O.OiH.t (>)aSiumtliio koid.Oi.OiUn 

Bbb7leno-lactioiicid..C,0.U. I ' 

Tlio firat-nanied ot these acids, although not capable, ao far as yet 
known, of existing in tlie free state, is widely represoiiled in nature in 
the shape of its suits, the carbonates. Its position in this series is an 
unornaly, and at first sight a contradiction, as it is certainly not a mono- 
basic, but a distinctly dibasic aoid, or, more properly speaking, would be 
such were it obtained in a state of purity; it is, however, in this position 
lis the inferior homoiogue of glyoolio acid that carbonic acid is moat 
naturally placed, and the dibasic nature of the latter acid does not pre- 
sent any valid objection to such a position, for if we consider one term of 
a series as derivable from its superior homoiogue by the subtraction of 
CU„ and if we bear in mind that the basic nature of the hydrogen atom 
in a group OH depends upon its close union with the group 00 (or with 
some other electro- negative group), it will become evident that the inferior 
homoiogue of giycolic acid must coutaiu two groups OH united to one 
CO, and must, therefor, bo dibasic; 
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Second. — By the combined action of water and silver oxide upon 
mouochlor-acid of the acetic series, or by heating the alkaline sal 
■uoh an ftcid with water or potassium hydrate: 
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Carbonio Aoid, Co/q^ 

Although this acid has not been isolated, it is probable that it exists 
in aqueous solutions of carbon dioxide, which have an acid reaction, while 
the dry oxide is neutral to test-paper. Its salts, the carbonates, are 

widely distributed in nature, and have the general composition CO/ qtt 
CO<(gM: or C0/g>M'. 



QzideB of Carbon. 

These are two in number: 

Carbon monoxide CO 

Carbon dioxide CO, 

Carbon Monoxide. 

Carbonic oxide — Carbonous oxide — CO — was discovered in 1799, by 
Priestley. It does not exist in nature, but is formed whenever carbon is 
burned with a supply of air insufficient to the formation of carbon dioxide; 
when carbon dioxide is partially reduced by passage over red-hot char- 
coal, iron, zinc, etc., and when vapor of water is decomposed by coal 
heated to bright redness. 

When required in the laboratory, it is obtained either: Ist, by passing 
dry carbon dioxide over red-hot charcoal; or, 2d, by heating together 
oxalic and sulphuric acids: 



C.O,H, 


+ 


SOJI. = 


= SO.II. 


-f 


H,0 


+ CO + CO, 


Oxalic add. 




Snlphorio 
acid. 


Snlphorio 
add. 




Water. 


Oarbon Carbon 
mopoxida. dioxids. 



The resulting gas is passed through wash-bottles containing lime-water, 
which retains the dioxide. 

It is a colorless, odorless, tasteless gas; has been recently liquefied by 
Cailletet; sp. gr. 0.9678 — A, 14 H; verv sparingly soluble in water and 
in alcohol, its solubility in the latter fluid being remarkable for not vary- 
ing between 0° and 20^ 

It burns in air with formation of carbon dioxide and with a blue 
flame; its mixtures with air and oxygen are explosive on contact with 
flame if the proportion be not too far removed from C0:0; it is also 
oxidized toCO, in the cold by chromic acid. The most valuable property 
of carbon monoxide is its power of reducing many metallic oxides at a red 
heat, a property which is largely utilized in metallurgy. It is rapidly ab- 
sorbed by ammoniacal solutions of the cuprous salts, a property utilized in 
gas-analysis; it is also absorbed by hot potassium hydrate solution, with 
formation of potassium formiate. Being a non-saturated compound, it 
readily unites directly with other elements, as with oxygen, to form CO, 




CAQBOX MONOXIDE. 

and with chlorine to form COCl,, tlio latter a colorless, suffoeatiiij gae, 
known aa phosgene, or curbonyl c/Uoride. 

Tbxicoloffi/. — Carbon monoxido ia an exaeeding;1y poisonous gas, and 
13 the chief toxic cunBtitaent of tlie gases given off from blasC-furnaoos, 
from defective flues, and open coal or charcoal fires, and oE illuminating 
fjas. An atmosphere containing but a small proportion of this pas pro- 
duces asphyxia and death, even if the quantity of oxygen present be equal 
to or even greater than that normally existing In Ahe atmosphere; 0.5 
per cent, of carbon monoxide in air is sufficient to kill a small bird in a 
few moments, and one per cent, proves fatal to small mammals. 

Poisoning by carbon monoxide may occur in several ways. By inha- 
lation of the gases discharged from bfast-fiirnacea and from copper-fur- 
nacea, the former containing tweoiy-five to thirty-two per cent., and the 
latter thirteen to nineteen per cent, of carbon monoxide. By the fumes 
given off from chsreoal burned in a conlinod space — a favorite means of 
suicide, especially in France — the gas produced by this combustion is chlelly 
a mixture of the two oxides of carbon, the dioxide predominating largely, 
especially when the combustion is most active. The following is given 
by Leblana as the composition of an atmosphere produced by burning 
charcoal in a confined apace, and which proved rapidly fatal to a dog: 
oxygen, 19,19; nitrogen, 76.62; carbon dioxide, 4.61; carbon monoxide, 
0.51; marsh-gas, 0.04. Obviously the deleterious effects of charcoal-fumes 
are more rapidly fatal in proportion as the combustion is imperfect and 
the room small and ill- ventilated. 

A fruitful source of carbon monoxide poisoning, sometimes fatal, but 
more frequently producing languor, headache, and debility, is to bo found 
in the Blovca, furnaces, etc., used in heating our dwellings and other 
buildings, especially when the fuel is anthracite coal. This fuel produces 
in iu combustion, when the air-supply is not abundant, oonaiderable quan- 
tities of carbon monoxide, to which a further addition may be made by a 
rednotion of the dioxide, also formed, in passing over red-hot iron; this 
poisonous gas may find its way into the rooms either through cracks or 
other defects in the stoves. Hues, or pipes: by occasional downward cur- 
rents of air passing over fires i:i open fireplaces, or, much more frequently, 
by direct passage through the heated metal. Experiment has shown that 
metals, notably cast-iron, are quite pervious to gases when heated to red- 
ness; when, therefor, a stove or the fire-box of a hot-air furnace becomes 
red-hot, a portion of the gases formed, by the combustion of the fuel 
passes through the pores of the metal to contaminate the air without, and 
giv« rise to carbonic oxide poisoning to a degree depending upon the de- 
gree of imperfection of the ventilation, the nature of the fuel, and the 
amount of air-supplied to it. The obvious precautions required to avoid 
this form of what may be called chronic carbonic oxide poisoning, and 
which ia by no means uncommon, are: 1st, to have the stoves or furnaces 
lined with fire-olay, which tends to prevent their overheating and to di- 
minish their perviousnesa to gases; 2d, to avoid heating to redness; 3d, 
to furnish an abundant supply of air to the fuel; 4th, to secure proper 
ventilation; and 5th, in the case of hot-air fumaoca, to obtain, by an 
abundant supply of external air to the air-chamber, a large supply of mod- 
eraicly heated air rather than a small quantity of very hot air. 

Of late years cases of fatal poisoning by coal-gas are of very frequent 
ooeurrence, caused either by accidental inhalation, by inexperienced per- 
sons blowing out the gas, or by suicides. There can be little doubt that 
the moat actively poisonous ingredient of coal-gas is oarboa m< 
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which exists in the ordin&ry illuminating gta in th« proportion of 4 to 
7.5 per cent., and in water-gas, made by decomposing superhoated steam 
by passage over red-hot coke, and subsequent charging with vapor of hy- 
drocarbons, in the large proportion of thirty to thirty-five per cent. 

The method in wlueh carbon monoxide produces its fatal effects is by 
forming with ihc blood-coloring matter a compound wbicli is more stable 
than oxylnemog;lobin, and thus causing asphyxia by destroying the power 
of the blood -corpuscles of carrying oxygrcn from the air to the tissueSL 
This compound of carbonic oxide and haemoglobin is quite stable, and 
hence the symptoms of this form of jwiaontng are very persisteat, lasting 
until the place of the coloring-matter thus rendered useless is supplied by 
new- formal ion. The prognosis is very unfavorable when the amount of 
the gas inhaled has been at all considerable; the treatment usually toi- 
lowed,/. «., artificial respiration, and inhalation of oxygen, fziilingto restore 
the altered coloring- matter. There would seem to be no form 
jng in which transfusion of blood is 
by carbon monoxide. 

Deletion after death. — The blood of those asphyxiated by carbon 
monoxide ia persistently bright red in color; when suitably diluted and 
examined with the spectroscope, it presents two absorption -ban da very 
similar to those of oxy haemoglobin (see p. 369), but more equal to each 
other in intensity and slightly nearer the violet end of the spectrum; 
owing, however, to the greater stability of the carbonic oxide compound, 
its spectrum may be readily distinguished from that of the oxygon com- 
pound by the addition of a reducing agent (an ammoniacal soTution of 
ferrous tartrate), which changes the spectrum of oxy hsemoglobin to the 
single-band spectrum of reduced hiemoglobin, while that of the carbon 
monoxide compound remains unaltered, or only fades partially. 

If a solution of caustic soda of sp. gr. 1.3 be added to normal blood, 
a black, slimy mass ia formed, which, when spread upon a white plate, 
has a greenish brown color; the same reagent added to blood altered by 
carbonic oxide forms a firmly clotted mass, which in thin layers upon a 
white surface is bright red in color. 

For the method of detecting and determining carbon monoxide in 
gaseous mixtures, see p. 244. 



Carbon Dioxide. 

Carbmtic anhydride — Carbonic add gas — CO, — exists in small pro- 
portion in the atmosphere, and in solution in Tiatural waters. It is formed 
whenever a substance containing carbon is burned in air or oxygen, and 
when a carbonate is decomposed by a stronger acid. 

It ia best obtained by decomposing a natural carbonate, marble or 
limestone, by a mineral acid — hydrochloric acid. 

At ordinary temperatures and pressures it is a colorless gas; produces 
a sense of suffocation when inhaled; has an acidulous taste; ep, gr. 1.529 
at 0°; soluble in an equal volume of water at the ordinary pressure. 
When subjected to a pressure of thirty-eight atmospheres at 0°, fifty 
atmospheres at 15°, or seven ty-tliroe atmospheres at 30°, it is converted 
into a transparent, mobile liquid, by whose evaporation, when the pres- 
sure is relieved, a degree of cold is produced sulHcient to solidify a por- 
tion as a snow-like mass, which, by spontaneous evaporation In air, pro* 
duces a temperature of — 00°. 



CARBON DIOXIDS. 3S7 

C&rbon dioxide neither burns nor does it support combustion; when 
heated to liStK)", it is decomposed into carbon monoxide and oxygen; a 
simiUr decomposition is brought about by the passage through it of 
electric sparks. When heated witli hydrogen it yields carbon monoxide 
&nd trater; when potassium, sodium, or magnesium is heated in an atmoS' 
phere of carbon dioxide, the gas is decomposed with formation of a i 
Donate and separation of carbon. When caused to pass through sohitions 
of the hydrates of sodium, potassium, calcium, or barium, it is absorbed, 
with fortnation of the carbonates of those elements, which, in the case of 
the last two, are deposited as white precipitates. Solution of potash i 
frequently used in analysis to absorb carbon dioxide, and lime and baryta 
water as tests for Its presence. The hydrates mentioned also absorb 
carbon dioxide from moist air. 

Atmospheria carbon dioxide. — Carbon dioxide is a constant consti- 
tuent of atmospheric air in small and varying quantities; the mean 
amount in free country air being about four parts in ten thousand. The 
variations in amount under different oonditions is shown in the following 
table: 

AuopNT OF Carhon Dioxidb in AlE. 



ADdlllf — tirent; milra from Paris. 

Paru— Day , 

Night 

Ocean— Doy 

Night , 

D»j , 

Night , 

Oenev». 

Headow— thr«e-f[>arths mjla from Oenera : 

Dtj inonthH 

Atler long nuDi 

I>ece[nbet, damp and dondj 

Jonnarj. froat 

Jiumaij, thaw 

Iialce Qeneva 

Arctio regioni 

Ooaport barracks 

AoglesHf bartaclis 

Biliey Hospital 

Portumuuth Hospital , 

Coll In PeatonviUe Prison 

Cell in Chatham Prison ,.,,..... 

Bojs' school — 01) cuhio feet per head 

Eoom— '"il aubic feet per head 

Oitls' school— 150 cubic feet per head 

Oreen house— Jard in des Plaates, 

Theatre— Parquet 

Near ceiling , 

Lead mine— l.ampn bom 

Lamps eitiaijaished 

Qrotto del Cane , 



Q.42 

asiQ 

8.011 
8.)W5 
4. 08 

4.79 to B 

3. 57 to 4. 

S,85to4 

4.57 

4.27 

480 



' Bonraingaatt and Lew;. 

j BoDSBlngnTilt and Lewf. 

I BouBsingault. 

Lewy. 

Lewy. 

Thorpe. 
I Thorpe. 



I Saassure. 



6.45 
14.04 
4.78 



U)toQ.4l I Moss. 



CbaoiDont, 

ChanmoDb 
ChaumODt. 
Chan m on t. 
Chanmont. 

Chan moot. 

WeB»er. 
Pottenkofer 



F. Leblano. 
F. Leblaoa. 
F. LeUano. 
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It will bo observed that on land the amou 
bjT day, while the reverse is the case at sea; 



t is greater by night than 
a l&ud the green parti of 
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plants absorb o&rbon dioxide during the hours of sunlight, but not during' I 
tbase of darkness. The increase in the amount in air over Urga bodies I 
of water during the dny-time is due to the leas solubility of carbon dt- I 
oxide in the surfaae-water when heated by the sun's rays. The abaenca 1 
of vegetation accounts for the large quantity of carbon dioride in the air i 
of the polar regions, and the same cause, aided by an increased produo- | 
tion, for its excess in the air of cities over that of the country. 

The sources of atmospheric carbon dioxide are: 

^rst. — TXe respiration, ofanimah. — The air expired from the lungs 
of animals contains a quantity of carbon dioxide, varving with the age, 
eex, food, and muscular development and activity, while, at the same time, I 
a much smaller quantity is discharged by the akin and in solution in the I 
urine. The following table, from the experiments of Andral and Gavar* I 
ret, indicates the quantity of carbon dioxide eliminated by males of varia 
oufl ages: 

Elimination of Cabbon Dioxide. 



(fOlotOftui.. 



-'OirtKio dloi- Onyma ■ 



M,M 411, (n G.O 

«l,4t lOtffiJ K.T 

M.NOltmil 10, B 

ao,8B144,tXl; 11. t 

i:s.su:i4T.u, 18.3 

n.lB 148.M 10.1 

eg.sb ini.w, s.a 



._(.a» ti.as siu.oi < ...,_ 

•MM, I M.'iS MB .Sll W,W fa 



In feraalca the increase of elimination follows the same rule as witb 
males until puberty, when it ceases and the amount exhaled remains 
about the same until the menopause, when the elimination of carbon di- 
oxide suddenly increases to nearly the same as that occurring in males of 
the same age, and subsequently gradually declines with advancing aetu 
During pregnancy the elimination of carbon dioxide is temporarily ■" 
creased. Tn both sexes and at all ages the exhalation of carbon di 
is greater during muscular activity than when the individual is at rest) 
and greater in those whose muscular development is more perfect. An 
adult man discharges 20,77 litres = three- fourths cubio foot of carbon <U»' 
oxide per hour, or 498.88 litre8=eighteen cubic feet per dii 

The expired air under ordinary conditions contains about 4.5 per oanL 
by volume of carbon dioxide, the proportion being greater the sli 
respiration. 

Second. — Comhuation. — -The greater part of the atmospherii 
dioxide is a product of the oxidation of carbon in some form as a source 
of light and heat. In the following table are given the amounts of 
carbon dioxide produced and of air consumed by different kinds of fuel 
and iiluminating materials; by comparing them with the quantities of the 
same gases produced and consumed by an adult man it will be seen that 
in equal times an ordinary gas-burner produces nearly six times as much 
oarlMQ dioxide and consumes nearly ten times aa much air aa a man. The 
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CAEBON DIOXIDE. 

Binount of air consumed by fuels is, fcjr practical purposes, greater 
that given in the table, as the oxidation is never complete, the air i 
chimney frequently containing ten per cent, of oxygen by volumi 
below). 

Combustion of Fvkl. 
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Tliird-^-FeTmcntallon. — Most fermentations, including putrefactive 
changes, are attended by the liberation of carbon dioxide; thus, alcoholic 
fermentation takes place according to the equation: 

C.H„0. = 2C,H.O + 2C0., 



L 



snd consequently discharges into the air forty-four parts by weight of 
carbon dioxide for every ninety-two parts of alcohol formed, or 191.5 litres 
of gas for every litre of absolute alcohol obtained. 

J-burth, — Tellural sources. — Volcanoes in activity dischargo enormous 
quantities of carbon dioxide, and, in volcanic countries, the same gas ia 
tnrowD out abundantly through fissures in the earth. All waters, sweet 
and mineral, hold this gas in solution, and those which have become 
charged with it un dor *p res sure in the earth's crust, upon being relieved 
of the pressure when they reach the surface, discharge the excess into 
the air. 

Fifth. — Manufacturing proceaset. — Large quantities of carbon dioxido 
are added to the air in the vicinity of lime- and brick-kilns, cement- 
works, etc. 
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iSixM. — In mines, after exploaions of "fire-damp." These e\plosloiui I 
are caused by the sudden union of ihe carbon and hj-drogeii of CH, with * 
llie oxygen of the air, and are coDsequenUy attended by the formatioa 
of Urge volumes of carbon dioxide, known to initiera as i{fler-damp. 

Conttanvj/ of the amount of attnoaplteric earbvn diuxide.~-\x. has been 
roughly estimated by Pog^endorf! that 2,500,000,000,000 cubic metres of 
oarboijic acid gas are annually discharged into our atmosphere, and that 
this quantity represents one eighty-sixth of the total amount at present 
existing therein. This being the case, with the present production, the 
percentage of atmospheric carbon dioxide would be doubled in eighty-six 
years; no such increase has, however, been observed, and the average 
percentage found by Angus Smith, in 1873, is 'about the same as that ob- 
served by Boussingault in 1840, 1. e., four parts in ten thousand. The 
carbon dioxide discharged into the air is, therefor, removed from it about 
as fast as it is produced. This removal is effected iu two ways: 1st, by 
the formation of deposits of earthy carbonates by animal organisms, 
corals, mollusks, etc.; 2d, principally by the process of nutrition of vege- 
tables, which absorb carbon dioxide both by their roots and leaves, and 
in the latter, under the influence of the sun's rays, decompose it, retain- 
ing the carbon, which passes into more complex molecules; and discharg- 
ing a volume of oxygen about equal to that of the carbonic acid gu 
absorbed. 

Air contfiminatid vith aencM of carbon dioxide, and ita effects upon 
the organism. — When, from any of the above sources, the air of a giveji 
locality has received sufficient carbon dioxide to raise the proportion 
above seven parts in ten thousand by volume, it is to be considered u 
contaminated; the seriousness of the contamination depending not only 
upon the amount of the increase, but also upon the source of the carbon 
dioxide. If the gas be derived from fermentation, or from tellural OE * 
manufacturing sources, it is simply added to the otherwise unaltered air^f 
and the absolute amount of oxygen present remains the same; when, hoi 
ever, it is produced in a confined space by the processes of combustion an 
respiration, the composition of the air is much more seriously modifiec 
as not only is there addition of a deleterious gas, but a simultaneous n 
moval of an equal volume of oxygen; hence the importance of providing 
by suitable ventilation, for the supply of new air from without to han 
tations and other places where human beings are collected within 
especially where the illumination is artificial. 

Although an adult man deoxidizes a little over one hundred litres offl 
air in an hour, a calculation of the quantity which he would require in » -• 
given time cannot be based exclusively upon that quantity, as the deoxida- 
tion cannot be carried to completeness; indeed, when the proportion of car- 
bon dioxide in air exceeds five per cent., it becomes incapable of support- 
ing life, while a much smaller quantity, one per cent., is provocative of 
severe discomfort, to say the least. 

In calculating the quantity of air which should be supplied to a given 
enclosed apace, most authors have agreed to adopt as a basis that the 
percentage of carbon dioxide should not be allowed to exceed 0.6 volumes 
per 1,000; of which 0.4 are normally present in aiV, and 0.2 the product 
of respiration or combustion. Taking the amount of carbon dioxide 
eliminated by an adult at 19 litres ( = 0.7 cubic foot) per hour, a man will 
have brousjht the air of an air-tight space of 100 cubic metres {= 3,500 J 
cubio feet) up to the permissible maximum of impurity in an hour, ThtJ 
foIlo^\iug table is given by Parkes to indicate the contamination of i" 
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by the respiration of an adult in an hour, 
required to restore the proper equilibrium: 



Hid tho supply ot external air 
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Anra<>iitofoDbio»p4M 
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the end of ons hoot, 
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feet. 




ohiDgo •>(»[. 


nm« during tho fint 
hour. 


•Iter the ent 




100 


6.00 


3,900 


3,000 




300 


8.00 


3,800 


3,000 




300 


2.00 


3,700 


3,000 




400 


1.50 


2,C00 


3,000 




600 


1.20 


2,500 


3,000 




600 


1.00 


2,400 


3,000 




700 


0.85 


2,300 


3,000 




800 


0.75 


2,200 


3,000 




900 


0.66 


2,100 


3,000 




1,000 


0.60 


2,000 


3,000 



Practically, owing to the imperfect closing of doors and windowj, 
and to ventilation by chimneys, inhabited spaces are never hermetically 
closed, and a less quantity of air-supply than that indicated in the table 
may usually be considered as sufGcient. 

A sleeping-room occupied bv a. single person should have a cubic space 
of 30 to 50 cubic metres ( = 1,050 to 1,800 cubic feet), conditions which 
are fulfilled in rooms measuring 10 X 13 x 8 feet, and 13 x 15.6 x 9 feet. 

In calculating the space of dormitories to be occupied by several 
healthy people, the smallest air-space that should, under any circum- 
■tanoes, be allowed, ia 12 cubic metres (=420cubio feet) for each person. 
To determine the number of individuals that may sleep in a room, multi< 
ply its length, width, and height, together, and divide the product by 420 
it the measurement be in feet, or by 12 if it be in metreq. Thus, a dor- 
mitory 40 feet long, 30 feet wide, and 10 feet high, is fitted for the ac- 
eommodatioa of 19 persona at most, for 

40 X 20 X 10=8,000 and ^^ = 19.05. 

As a rale, in places where many persons are congregated, it ta necea- 
Btry to resort to some scheme of ventilation by which a suflicient supply 
of fresh air shall be introduced and the vitiated air removed, tho quantity 
to be supplied varying according to circumstances. Experiment has 
shown that in order to keep the air pure to the senses the quantity of air 
which must be supplied per liead and per hour in temperate climates ara 
as shown in table on following page. The amounts given are the small* 
est permissible, and should be exceeded wherever practicable. 

JAghU. — The amounts of air to be supplied to each individual, given in 
the last section, are, with the exception of those furnished in mines, based 
upon tho supposition that coal-gas is not used as a means of artificial il- 
lumination, or that the burners are so arranged with reference to the 
TeiiliUting-6ueB that the products of combustion pass out imioodi»tely, 
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Situation. 

Barracks (day-time 

Barracks (night-time) 

Workshops (mechanical) . . , 

School-rooms , 

Hospital wards , 

Hospital wards (surgical) . . . 
Contagious and lying-in . • . 

Mines, metalliferous 

Mines, coal 



Cuhio nMtna, 


GnUofart. 


35 


1,236 


70 


2,473 


70 


2,478 


35 


1,236 


85 


3,009 


170 


6,004 


170 


6,004 


150 


5,297 


170 


6,004 



Each cubic foot of illuminating-gas consumes in its combustion a quan- 
tity of oxygen equal to that contained in 7.14 cubic feet of air, and pro- 
duces 0.8 cubic feet of carbon dioxide, besides a large quantity of wateij 
Tapor, and less amounts of sulphuric acid, sulphur dioxide, and sometimes 
carbon monoxide; and an ordinary gas-burner consumes about three feet 
per hour. It is obvious, therefor, that a much larger quantity of pure 
air must be furnished to maintain the atmosphere of an apartment at the 
standard of 0.6 per 1,000 of carbon dioxide, when the vitiation is produced 
by the combustion of gas, than when it is the result of the respiration of a 
human being, and that to such an extent that a single three-foot burner 
requires a supply of air which would be sufficient for six human beings. 
As a basis for computation, it may be considered that, for each cubic foot 
of gas consumed, 1,800 cubic feet of air should be furnished by ventilation. 
The contamination of air by gas-lights becomes a question of serious 
importance in our dwellings upon occasions of social gatherings, and in 
theatres and other places of public resort which are used during the hours 
of darkness. The average size of a parlor in a city dwelling is 15 x 25 x 15 
feet; it therefor contains 4,875 cubic feet, and its atmosphere would, 
if it were hermetically closed, be brought to the standard of maximum 
allowable contamination by the respiration of four adults in an hour, 
allowing 1,200 cubic feet per head, per hour. If such an apartment be illu- 
minated, upon the occasion of an evening party at which fifty adults are 
present for four hours, by ten three-feet gas-burners, the amounts of air 
which should be supplied by ventilation are as follows in cubic feet. 





If the prodnots of combustion 
of gM be discharged into the 
room. 


If the products of combustion 
of the gas be carried off. 




Per hour. 


Per hour. 


Per hour. 


For four hooza. 


For fifty persons 

For ten gas-burners .... 


60,000 
54,000 


240,000 
216,000 

456,000 


60,000 


240,000 


Totals 


114,000 


60,000 


240,000 







In the first instance, in which the products of the combustion of gas 
are discharged into the apartment, an adequate ventilation can only be 
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8ecurc(I by a complete clianga of the air every 3.G minutes, whicJi can 
only be attained by tlie use o( ineclianical cuiitrivancus, atiJ witli the 
production of draughts; in the second instance, in which it is presumed 
that the gas-burners are so situateil, with reference to a ventilating-- shaft 
or shafts, that the products of combustion are immediately carried off, 
not only is the period in which a complete change of air is required ex- 
tended to 4.8 minutes, but the heat of the burners, causing' an uptake 
current in the ventilator, favors the exit of the vitiated air, and the con- 
sequent entrance of external air to take its place. 

Ill theatres the contamination of the air by the burning of gas should 
be entirely eliminated by placing iho burners either under the dome ven- 
tilator, or in boxes wiiich open to the air of the house only below the 
level of the burner, and which are in communication with a ventilating- 
■haft. Even under these conditions it is necessary, to ensure perfect 
ventilation, to resort to some mechanical contrivance to remove the air 
vitiated by respiration and to supply its place by fresh air from without, 
which tnaj' be previously warmed or cooled according to tlie season, and 
which, in cities, should be filtered. In a New York tlicatre, whose ven- 
tilation has been carried to such a degree of perfection that the air is 
sensibly as pure after as before a performance, whose cubical contents 
are about ninety thousand cubic feet, and whose seating capacity is about 
■ix hundred and fifty, there are injected and aspirated by two blowers, 
one in the cellar and one on the roof, one million to one m'illion two hun- 
dred and fifty thousand cubic feet of air per hour, or about one thousand 
five hundred cubic feet per head per hour. 

When artificial illumination is obtained from lamps or candles, or from 
gas in small quantity and for a short time, the contamination of the air 
u sufficiently compensated by the ventilation through imperfect closing 
of the windows. A room without a window should never ba used for 
human habitation. 

One important advantage of the electric light, if it ever become pnus- 
ticable, will be that it consumes no oxygen and produces no carbon di- 

Although, by the combustion of fuel, oxygen is consumed and carboa 
dioxide produced, heatiuj; arrangements only become a source of vitiation 
of air under the circumstances detailed al>ove (see p. 235); indeed, in the 
majority of cases, if properly arranged, they are means of ventilation, 
either by aspirating the vitiated air of the apartment, or by the introduc- 
tion of air from without. 

Action on the economy. — An animal introduced into an atmosphera 
of pure carbon dioxide dies almost instantly, and wiihout entrance of 
the gas into the lungs, death resulting from spasm of the glottis, and 
oonwequent apncea. 

When diluted with air, the action of carbon dioxide varies according 
to its proportion, and according to the proportion of oxygen present. 

Mrst. — When the proportion of oxygen is not diminished, the poison- 
ous action of carbon dioxide is not as manifest, in equal quantities, as whan 
the air is poorer in oxygen. An animal will die rapidly in an atmosphere 
composed of twenty-one per cent. 0, fifty-nine per cent, N, and twenty 
per cent, GO, by volume; but will live for several hours in an atmosphere 
whose composition is forty per cent, O, thirty-seven per cent, N, twenty- 
three per cent. CO,. If carbon dioxide be added to normal air, of course 
the relative quantity of oxygen is slightly diminished, while its absolute 
quantity remains the same; this is the condition of affairs existing in. 
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discharged into the air; under these circumstanM 
ifteen per cent, of CO, renders an air rapidly f 
e to eight per cent, wiil cause the death of sit 
Even a less proportion than this may become faUl 
to an individual not habituated. 

In the higher states of dilution, carbon dioxide produces immediata 
loss of muaouUr power, and death without a struggle; when more dilute, 
a sense of irritation of the laryns, drowsiness, pain in the bead, giddi- 
ness, gradual loss of muscular power, and death in coma. 

Sei'ond. — If the carbon dioxide present in air bo produced by respi- 
ration or combustion, the proportion of oxygen is at the same time di- 
minished, and much smalier absolute and relative amounts of the poison- 
ous gas will produce the effects mentioned above; thus, an atmospbers 
containing in volumes 10.75 per cent. O, 74.S5 per cent, N, six per cent. 
00,, is much more rapidly fatal than one composed of twenty-one per 
cent. O, fifty-nine per cent, N, twenty per cent. CO . With a corre- 
sponding reduction of oxygen, five per cent, of carbon dioxide renders an 
air sufficiently poisonous to destroy life; two per cent, produces severs 
suffering; one per cent, causes great discomfort, while 0.1 per cent., 
or even less, is recognised by a sense of closeness. 

The treatment in all cases of poisoning by carbon dioxide consists in 
the inhalation of pure air (to which a small excess of oxygen may ba 
added), aided, if necessary, by artificial respiration, the cold douche, gal- 
TKnism, and friction. 

When it chances that an individual entering a 
ing^ an excess of carbon dioxide, or other r 
sensible, it is simply multiplying the numbei 
low, unprotected, with a view to effecting a 

readily obtainable protection is a towel saturated with lime-water, and so 
held over the mouth and nostrils that the inspired air passes through it, 
and also through two or three layers of dry towelling interposed between 
the moistened part and the ekin. Obviously this protection will not ba 
efficacious for a long time, and in situations where such accidents are 
liable to occur, as in mines, fermenting cellars, etc., it cannot be too 
strongly recommended that there be kept at hand air-pumps, tubing, and 
helmets, such as are used by divers, but of lighter construction, to be 
used by the rescuers upon such occasions. 

Detection of carbon dioxide and analysis of cottfined air. — Carbon 
clioxtde, or air containing it, causes a white precipitate when caused to _ 
bubble through lime or baryta water; normal air contains enough of ttuj 
gas to form a scum upon the surface of these solutions when exposed to ibfl 

It wus at one time supposed that air in which a candle continued t0fl 
burn WHS also capable of maintaining respiration. This is, however, k^l 
no means necessarily true; a candle introduced into an atmospher 
which the normal proportion of oxygen Is contained, burns readily ir 
presence of eight per cent, of carbon dioxide; is perceptibly dulled bffl 
ten per cent.; is usually extinguished with thirteen per ceut,; alwajW^ 
extinguished with sixteen per cent. Its extinction is caused by a 
proportion of carbon dioxide, four per cent., if the quantity of oxyg< 
be at the same time diminished. Moreover, a contaminated atmospher 
may not contain enough carbon dioxide to extjng-itish, or perceptibly dim 
the flame of a candle, and at the same time contain enough of the mon- 
oxide to render it fatally poisonous if inhaled. 

The presence of carbon dioxide in a gaseous mixture is determined bj^^ 
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by a Boliilion of potassin 
g the dim inu Lion in bulk of the 
weight o[ the alkaliue solution. 

To dotermiiie the proporliona of tlie 
made to pass through a series of tub 
weighed; 1st, through a U-shaped tube i „ „ 

stone, saturated with sulphuric acid; by the increase in weight of thl 
tube the amount of tvatcry vapor is doterniined; 2d, through a Licbi^' 
bulb-apparatus, filled with a solution of potassium hydrate. The rn 
pidity of the current should be so regulated that about thirty biibbtes 
a minute pass through this apparatus; 3d, through a U-tube tilled with 
fragments of pumice saturated with sulphuric acid- Numbers two and 
three are weighed together, the increase in their weight is the weight of 
CO, ill the volume of air drawn through the apparatus; every gram of 
increase in weight represents 0.5UC07 litre, or 31.60356 cubic inches. 

The arrangement of the remainder of the absorption apparatus differs 
according to whether carbon monoxide and marsh-gas, or oxygen, is to be 
determined. In the former case the air is next passed; 4th, through a 
tube of difGculily fusible glass, Riled with black oxide of copper, and 
heated to redness, in which the gases mentioned are converted into water 
and carbon dioxide; then 5th, through a U-tube filled with pumice, 
inoiatened with sulphurio acid, whoso increase of weight indicates the 
amount of water so formed. Every gram of increase of weight in this 
tube represents 0.444 gram, or 0.C31 litre, or 3S.TS1 cubic inches of marsh- 
gas, h inally, the gas is passed, 6th, through a carbon dioxide appiirntus, 
similar to numbers two and three, from whose increase in weight the 
quantity of carbon monoxide is calculated, thus: first, i.7o grams are 
deducted for each gram of marsh-gas found by number five; of the re- 
mainder, every gram represents 0.C304 grama, or 0.5085 litre, or ^1.753 
cubic inches of carbon monoxide. 

If the percentage of oxygen is to be determined, the gas, after pnssing 
from No. 3, is collected In a graduated tube and its volume measured; a 
concentrated solution of potassium pyrogallate is passed into the tube, 
which is agitated without removing its opening from the trougii, allowed 
to stand, and the volume again determined; the dilTerence in vulunio is 
the quantity of oxygen in the original volume of air. In both measure- 
ments the level of liquid in the tube must be the same as that in the trough. 

To draw the air through the absorbing apparatus, an aspirator is used, 
the volume of air determined by the volume of escaping water. 
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is of interest as corresponding in constitution to the hypothetioal carbonio 
acid, sulphur replacing oxygen, but, unlike that acid, being capable of 
existing free. It may be obtained by treating an alkaline sulphocarbe- 
nate with hydrochloric acid and immediately afterward with water, as a 
reddish brown oily liquid, which is insoluble in water, and readily duuom- 
posable into carbon disulphide and hydrogen sulphide. 
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Garbon Disulphide. 

Bisulphide of carhoriy CS,. — ^This substance, which bears the same rela- 
tion to sulphocarbonic acid and the sulphocarbonates that carbon dioxide 
does to the hypothetical carbonic acid and to the carbonates, does not exist 
in nature. It is obtained by passing the vapor of sulphur over carbon heated 
to redness, and partially purified by rectification. It is further purified 
by a<rication and twenty-four hours' contact with one-half per cent, of 
powdered mercuric chloride, decantation, treatment with two per cent, 
of an odorless fatty material, and slow distillation. 

The pure product is a colorless liquid, which has a peculiar, but not 
disagreeable, ethereal odor; the nauseating odor of the commercial bisul- 
phide is due to the presence of another sulphuretted body; boils at 47**; 
sp. gr. 1.203; very volatile; its rapid evaporation in vacuo produces a 
temperature of —GO**; it docs not mix with water, through which it falls 
in globular drops. It refracts light strongly, and is used to fill prisms used 
in sonic forms of spectroscopic apparatus. 

It is highly inflammable, and burns with a bluish flame, giving off car- 
bon dioxide and sulphur dioxide; its vapor forms highly explosive mix- 
tures with air, which detonate on contact with a glass rod heated to 250^. 
Its vapor forms a mixture with nitrogen dioxide, which, when ignited, 
burns with a brilliant flame, rich in actinic rays. 

There also exists a substance intermediate in composition between 
carbon dioxide and carbon disulphide, known as carbon oxysidphidey CSO, 
which is an inflammable, colorless gas, obtained by decomposing potassium 
sulphocyanate with dilute sulphuric acid. 

Carbon disulphide is now manufactured in large quantities, and is used 
in the arts to dissolve the ordinary phosphorus, remaining as an impurity 
in the preparation of the red variety, as a solvent of sulphur and india-rub- 
ber, and for the extraction of fats and oils, which it dissolves freely. 

Toxicology, — Cases of acute poisoning by carbon disulphide have 
hitherto only been observed in animals; its action is very similar to that 
of chloroform. 

Workmen engaged in the manufacture of carbon disulphide and in 
the vulcanization of rubber, as well as others exposed to the vapor of the 
disulphide, are subject to a form of chronic poisoning which may be di- 
vided into two stages. The first, or stage of excitation, is marked bj 
headache, vertigo, a disagreeable taste, cramps in the legs; the patient 
talks, laughs, sings, and weeps immoderately, and sometimes becomes 
violently delirious. In the second stage the patient becomes sad and 
sleepy, sensibility diminishes sometimes to the extent of complete anies- 
thesia, especially of the lower extremities, the headache becomes more in- 
tense, the appetite is greatly impaired, and there is general weakness of 
the limbs, which terminates in paralysis. 

The only remedy which has been suggested is through ventilation of 
the workshops and abandonment of the trade at the first appearance of 
the symptoms. 

CH,OH 
Glyoollio Aoid, i , 

COOH 

is formed by the oxidation of glycol, by the action of nitrous acid upon 
glycoool, and by the action of potassium hydrate upon monochloracetic 
acid. 



It forms deliquescent, acicular crystals; very soluble in water; solubI« 
in aloohol and ether; has a strongly acid taste and rcaotioa; fuaesatTS'; 
in decomposed at 15U"; at an intermediate ternperature it loses H,0, form- 
ing glycoUide, or glycoUic anhydride, C,H,0,. 

It IS a monobasic acid. Tlia hydrogen of the group CH.OII may he 
replaced by an alcoholio radical to form other acids, such as amvlglyoollio 

UH,0,C.H„ 
acid, I 

COOH 

Laotlo Adds, C.H.O,. 

There are probably three, certainly two, acids having tliis composi- 
tion, which differ from each other mainly in the products of their decom- 
position, in their physical properties, and in the solubility and amount of 



Tbey resemble each other iti being 
1 water, alcohol, and ether, and verj' 



water of crystallization of their salts, 
colorless, syrupy liquids; insoluble i 
acid in taste and in reaction. 

Two of these acids would seem, from their products of decomposition, 
to be of similar constitution, while the molecular composition of the third 
is distinct; the two of similar composition are BometimcB designated as 
ethyliUene tactic acids, because of their containing the group of atoms 
0H„ while the third is designated as elhi/leno-lactic acid, as it contains 
the group CH,; the composition is expressed by the formuloi: 



CH, 

cn.oH 
coon 

BtbilldeiK iKtlo id 



CHOH 

Ah. 



COOH 

ElhTlns-tiotlc hI 



Obviously it is the ethylene acid which is the superior homologue of glj*- 
csollic acid. 

lAhiflenO'lactic acid. — As early as 1807 Beraelius discovered in muscu- 
lar tissue an acid which he took to be lactic acid, but which was subse- 
quently shown by Liebig to differ from it in several of its character*. 
The latter chemist suggested the name of sarcolactic acid, which it haa 
retained until recent researches have shown that the name must ba 
abandoned, as the acid in question is a mixture of two distinct acids— 
etbyleno-lactic and optically active ethylidene lactic acid — both of whioh 
differ from the ordinary lactio acid of fermentation. 

Ethyleno lactic acid may be obtained from muscular tissue, or better, 
from Liebig's extract of meat, by a process described below (see p. 348). 
It may also be obtained Bynlheiically by a process which indicates its con- 
stitution and the rationale of its name. By the action of potassium 
eyanide upon ethylene chlorhydrate, the nitrite of the ethyleno-laotio acid 
is formed: 



L 



CU„C1 
C1I„0H 



cri.-cN 
i;ii,-ou 

Oy.nbjdrlD. 
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The cyanbTdrine lo obtAined, wlien acted npoo br canrtie p^rtt. is 
decomposed with eliminatioa of ammoDU and formation of potaMim 
etliyleao-lactate : 

CN COOK 

CH, + 5 Jo + 2Jo = CH, + NH, 

CH,OH CH^GH 



Qyaok/drla. 

hjdnt*. 



It is distingniBbed by the following characters: it is opticalljr iDsctiTe, 
as are also solutions of its salts; its zinc salt contains two molecules of 
water of crvstaliization, and is very soluble in water and quite soluble in 
aloohol. \Vhen oxidized by chromic acid this acid yields malonic acid, as 
would be expected from an examination of \he formulae of the two acids: 



CH^OH CO,OH 

CH, CH, 

CO,OH CO,OH 



Bthyleno-lacctc add. Maloiiic 

Of the two ethylidene lactic acids, that which is opticaU}/ active is the 
one accom]mnying ethylene lactic acid, and predominating over it in 
amount in drad muscle; it is to this acid that the name paralaciic (teid 
is most properly applied. 

It may ho, obtained from Liebig's meat extract; this is dissolved in 
four parts water; eight parts strong alcohol are then added during con- 
stant agitation; after standing, the clear liquid is decanted o£P, and the 
insoluble residue again extracted with two parts of warm water, and the 
solution precipitated with four parts strong alcohoL The united alcoholic 
fluids are evaporated to a thin syrup over the water-bath, and the residue 
again precipitated with four volumes of strong alcohol; the clear alco- 
holic fluid is evaporated to dryness; the residue extracted with water; the 
solution acidulated with dilute sulphuric acid and shaken with successive 
portions of ether. The ethereal fluid, on evaporation, leaves a mixture of 
this acid and ethyleno-lactic acid, which is dissolved in water; the solu- 
tion is boiled with zinc oxide, filtered, the filtrate evaporated until crys- 
tals begin to form, when four or five volumes of strong alcohol are added 
and the mixture set aside; zinc paralactate crystallizes at first, and is 
thus separated from the ethyline lactate, which is much more soluble. 
From the zinc salts the acids are obtained by solution in water, decom- 
position by hydrogen sulphide, filtration, concentration, extraction with 
ether, and evaporation of the ethereal solutions. 

Paralactio acid differs from its two isomeres in that its solutions are 
dextrogyrous, and the solutions of its salts are laevogyrous. The specific 
rotary power of the acid is r^lo= H-S.S**; that of the zinc salt [«]•= 
— T.C**; and of the calcium salt t^]D= —3.8**. 

Its products of decomposition are the same as those of ordinary lactic 
aoid 



LAOnO AaOB, 
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Ordinnry lactic acid — Lactic acid of fermentaiion — Opticcdly inac- 
tive ethylidene laetic acid — exists in nature, widoly^ distributed in the 
vegetable kingdom, and, as its name implies, as the product of a fermen- 
tation which is designated as the lactic, in milk, sour-krout, fermented 
beet-juioe, and rice, and in the liquid refuse of starch-factories and tan- 
neries. 

1 is obtained as a product of the fermentation of certain 
ignr and p;rape-siigar, as a result of the processes of nutri- 
te vegetable, the lactic ferment, in which the sugar ia oon- 



■ugars, mill 
verted into 



C.ir.O, = 8C.H.0. 



led milk 



The process usually followed consists in allowing a solution c 
of cane-sugar, 3 kilos, tartaric acid, 15 grams, water, 13 kilos, 
several days; 00 grams of rotten cheese, mixed with 4 kilos skimi 
and 1^ kilos washed chalk, are then added, and the mass expo 
temperature of 30" — 35° for ten days, being stirred from time 
10 kilos of boiling water and 16 grains of slacked lime are ther 
the liquid is filtered through a cloth, concentrated, and allowc 
lixe; the calcium lactate so obtained, puriiied by recrystalliz. 
■olved in water and decomposed by an equivalent quantity of a 
acid; the clear watery fluid is neutralized with zinc carbonate, 'ine aino 
lactate so formed ia purified by recrystallization, decomposed with hydro- 
gen sulphide, and the liberated lactic acid separated by filtration and oon- 
contration of the watery liquid. 

It has also been obtained synthetically by oxidation of the propylglycol 
of Wurtz, which is a secondary glycol, a synthesis which iudioatea its 
ooDstitution: 



to time; 
I added; 
o cry Stal- 
in, is dis- 
mlphurio 



cn. 



CII. 



CH.OH COOH 

roiiylglyDol. OlTffflBi lAoUoHiid. WAttDL 

It is a colorless, syrupy liquid; 8p. gr. 1.215 at 30°; does not solidify 
Kt —24°; soluble in water, alcohol, and ether; is not capable of distillation 
without decomposition; when heated to 130° it loses water and is con- 
verted into dilactic acid, C,H„0„ and, when heated to 250°, into lactide, 
C,H 0,. It is a good solvent of tricalcic phosphate. 



Oxidizing agents convert this a 
the formation of any malonio acid. 

PAytioloffical.— The three lactic a 
nukl nature, either free or in combina 
tion occurs in the contents of the s] 
food has been taken, in the stomach; it ii 
ibe normal, unmixed gastri 

found to exist in the contents of the stomach and'tho! 
chyle, bile, parenchymatous fluid of spleen, liver, thym 
oreas, lungs, and brain; urine. Pathologicslty in the blood i 
thffimia, pyiemia, puerperal fever, and after exoesaive muscuUr effort; m 



o formic and acetic acids without 

ire widely disseminated in ani- 

Free lactic acid of fernienta- 

lall intestine, and, when vegetable 

lot, however, the acid to which 

a acidity. Its salts have been 

of the intestines. 



I thffimi 
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the fluids of or&rian evsts and timnsudatioiis. In tlw urine it is abundaot 
iu phosphorus-poisoning, in acute atrophj of the liTer^ and in rachitis and 
osteom alachia. 

Muscular tissue, after death or continued contractiona, containa the 
mixture of aci^is known to the older authors as sarcolactic acid. Normal, 
quiescent muscle is neutral in reaction : but, as soon as rigor mortis appears^ 
or if the muscle be tetanized, its reaction becomes acid from the liberation 
of sarcolactic acid. Whether these acids are formed de novo during the 
contraction of the muscle, or whether thej are produced bjr the decom- 
position of lactates existing in the quiescent muscle, is stiil undetermined; 
certain it is, however, that a given quantity of muscle has, when separated 
from the circulation, a fixed maximum of acid-producing capacity, which 
is greater in a muscle that has been tetanized during the interval between 
its removal and the establishment of rigor, than in one which has been 
at rest. 

There exist no grounds upon which to base the supposition that, in 
rheumatic fever, lactic acid is present in the blood. 

The remaining acids of this series are not of sufficient practical inter^ 
est to warrant further consideration. 



»4II C 



DIATOMIG AND DIBASIG A( 
Series C,H,»_,0^. 
The acids of this series at present known are: 

Oxalic acid CsOiH, ' Adipic scid CtO.Hi* ; Axalaic add C»0«Hit 

Jliilonicacid CaO|H« ' Pimelic acid C70«Hit Sebacic add Gi«OiHit 

Succinic acid C«04H« Suberic acid G»0«Hii j BoooeUicadd CitO«H» 

Deoxyglutanic add . CtOiHc | I 

They are derived from the primary glycols by complete oxidation; 
they are diatomic and dibasic, and contain two groups, CO, OH. They 
form two series of salts with the univalent metals, and two series of 
ethers, one of which contains neutral, and the other acid ethers. They 
may bo obtained from the corresponding glycols, or acids of the preceding 
scries, by oxidation. 



CO,OH 
Oxalio Aoid, I , 

CO,OH 

exists in the oxalates of potassium, sodium, calcium, magnesium, and 
iron; in the juices of many plants, notably in sorrel, rhubarb, cinchona, 
oak, etc.; as a native ferrous oxalate — humboldtine; and iu small quan* 
tity in human urine. 

It was formerly obtained from the vegetables in which it exists, but 
is now artificially prepared, either by oxidizinjc^ sugar or starch by nitric 
acid, or by the action of an alkaline hydrate in a state of fusion upon 
sawdust, by which an alkaline oxalate is produced. The soluble alkaline 
salt is converted into the insoluble calcium or lead oxalate, which is 
washed and decomposed with an equivalent quantity of sulphuric acid or 



OXMJ.C ACID. 
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with hydrogen aulphlde; the liberated ojialic acid is purilted by recrystaU 
ligation. The product so obtained is sufficiently pure for industrial pur- 
poses, but is still contaminated with small quantities of potassium sul- 
phate snd oxalate, and calcium oxalate, to separate which, when the acid 
is required pure, as for volumetric analysis, the commercial acid is re- 
pcatedlv recry stall ized from water and from alcohol. 

Oxalio acid is also formed iu a number of other reactions: by the oxi- 
dation of many organic substances — alcohol, glycol, sugar, etc.; by the 
action of potassa in fusion upon the alkaline formiates; and by the action 
of potassium or sodium upon carbon dioxide. 

It crystallizes in transparent prisms, containing two molecules of water 
of cryatallixation, which effloresce on exposure to air, and lose their water 
slowly but completely at 100°, or in a dry vacuum. It fuses at 98° in ita 
water of crystallization; at 110" — 132° it sublimes in the anhydrous form, 
while a portion is decomposed; above 1C0° the decomposition is more 
extensive; water, the two oxides of carbon and formic acid, are produced, 
while a portion of the acid is sublimed unchanged. It dissolves in 15.5 
parts of water at 10°; in 9.5 parts at 14°, and in a smaller quantity of 
boiling water; the presence of nitric acid increases its solubility. It ia 
quite soluble in alcohol. It has a sharp taste and an acid reaotiou iu 



■olut 

Oxalic acid is quite readily oxidized; in watery solution it is 
into carbon dioxide and water, slowly by simple exposure to 
rapidly, in the presence of platinum black or of the salts of plat 



land 



Sulphu 



I heated ^ 
rine, or hypochloroua acid. 
ure oxide of lead, is suffi- 
and phosphoric acids 
o water and the two oxides 

utral or alkaline solution, 
h any soluble calcium salt. 
oxalate, are also insoluble 



gold, under the inSuence of sunlight, 
manganese dioxide, chromic acid, bromii 
lis oxidation, when it Is triturated dry 
oiently active to heat the mass to rediicsi 
and other dehydrating agents decompose it 
of carbon. 

Oxalic acid, or the soluble oxalates, in 

fives a white precipitate of calcium oxalate 
be oxalates of silver and lead, and 
or very sparingly soluble in water. 

VsM. — Oxaho acid is largely used in the arts, in dyeing and calico 
printing; to clean copper utensils; and to remove stains of iron-rust or of 
ink. It was at one time used in medicine, but its use has been abandoned. 
Tbzicoloffy. — Although certain oxalates are constant constituents of 
Tegetable food and of the human body, the acid itself, as well as hydro- 
potassic oxalate, is a violent poison when taken internally, acting both 
locally as a corrosive upon the tissues with which it comes in contact, 
and as a true poison, the predomitianoa of either action depending upon 
the concentration of the solution. Dilute solutions may produce death 
without pain or vomiting, and after symptoms resembling those of narcotio 
poisoning. Death has followed a dose of 3 j. of the solid acid, and re- 

icovery a dose of ^ j. in solution. When death occurs, it may be almost 
instantaneously, usually within half an hour; sometimes after weeks or 
months, from secondary causes. 
The treatment, which must be as expeditious as possible, consists in 
. the administration, ,/i*r«f, of lime or magnesia, or a salt of caluium or mag- 
nesium suspended or dissolved in a small quantity of water or mucilagi- 
nous fluid; afterward, if vomiting have not occurred spontaneously, and 
if the symptoms of corrosion have not been severe, an emetic may be 



I 



I t69 OKKKRAI. HSDICAL CHEUSTST. 

tire eution *r« to be obMrmL As ia idl c«sea in which • oorro«*« ha* 
been taken intemallj, tbe a*e of the stomach-pamp is to be aroided. 
The alluline carbonxtes, whkh bmj be osed as antidotes when the min- 
eral acids hare been ingested, are of do valae ia cases of oxalic acid poi- 
■oning, as the oxalates vhich ther fonn are soluble, and almost as poison- 
ous as the acid itself. The ingestion of water, or the administration of 
warm water as an emette, is contraindioated when the poison has been 
taken in the solid form (or where doubt exists as to what form it was 
taken in), as they dissolve, and thus favor the abaorption of the poison. 

Aiu>lygii.~~ln fatal cases of poisoning by oxsltc acid the contents of 
the stomach are sometimes strongly acid in reaction; more usnallv, owing 
to the administration of antidotes, neutral, or even alkaline. In a sys- 
tematic analysis the poison is to be sought for in the residue of the por- 
tion examined for prussie acid and phosphorus; or, if the examination 
for those substances be omitted, in the residue or final alkaline fluid of 
the process for alkaloids (see p. 348 ^ »eg.). If oxalic acid alone is 
to be sought for, the contents of the stomach, or other substances j/'tKtd, 
' are extracted with water, the Uqnid filtered, the filtrate evaporated, the 
residue extracted with alcohol, the alcoholic fluid evaporated, the residue 
redissolved in water (solution No, 1). The portion undissolved by al- 
cohol is extracted with alcohol acidulated with hydrochloric acid, the 
solution evaporated after filtration, the residue dissolved in water (so- 
lution No. 2). Solution No. 1 contains any oxalic acid which may 
have existed free in the substances examined; No. 2 that which existed 
in the form of soluble oxalates. If lime or magnesia have been admin- 
istered as an antidote, the substances must be boiled for an hour or two 
with potassium carbonate (not the hydrtite), filtered, and the filtrate 
treated as above. In the solutions so obtained, oxalio acid is character- 
ized by the following 

Teat», — Silver nitrate forms a white precipitate, readily soluble in 
nitric acid and in aiurnonia. The precipitute does ni>E darken when the 
fluid is boiled, but, when dried and heated on platinum foil, it explodes. 
Lime-water or solution of calcium chloride or sulphate, form a white pre- 
cipitate, insoluble in water, almost so in acetic and oxalic acid; readily 
soluble in hydrochloric or nitric acid. The formation of this precipitate 
io dilute solutions is favored by a previous addition of ammoniuni hydrate. 

Lead acetate, in not too dilute solutions, produces a white precipitate, 
■oluble in nitric, insoluble in acetic acid. 

In toxical analyses it must not be forgotten that small quantities of 
oxalates may be introduced into the stomach as normal consiituents a 
the food. 

In cases of suspected poisoning by oxalic acid, the q) 
examined microscopically for crystals of calcium oxalate. 



Malonlo Add, 



CO,OH 

in. . 

CO,OH 



siituents <4^h 
a abonldl^^l 



Is of interest as a product of oxidation of the corresponding acid of 

the preceding series, ethylcno-lactic acid, and as being identical With an 
acid obtained from tobacco, and designated as nicotic acid. 



StrCClNlC ACID. 




It oryotallizos in priBmatic needles; which fuse at 140°, aro decomposed 
at 150°; and are very sotublo in water, alcohol, and ether. 



Suodnlo Add, 



was one of the first organio acids ki 

in amber, coal, tossil wood, and in ! 

table tissues. Its presence has been detected i 

the use of fruits and of asparagus, in the parenchymatous fluids of the 

spleen, thyroid, and thymus, and in the fluids of hydrocele and of hydatid 

cysts. It is also formed in small quantity during ale 

It is formed as a product of oxidation of many fata a 

by ynthesis from ethylene cyanide. 

It may bo obtained by dry distillation of amber, o 
fermentation of malic acid. One kilo of calcic maUte 
kilos of water, and to the solution eighty grams of i 
CO. of yeast, are added. The mass ia exposed to a temperature of 30°- 
40", for five to six days, when succinic acid is formed according to the 
equation: 



ilic fermentation, 
ind fatty acids; and 

r, preferably, by tha 
1 is dissolved in three 
cheese, or 250 



3C,H .0. = SC.H.O, 



. C.H.O, + 2C0, + H.O 

Amlkndil, Cirbon itlaidd*. Water. 



A mixture of calcium succinate and carbonate crystallines out, is washed, 
sulphuric acid added as long as effervescence occurs, tbe mass extracted 
with water, sulphuric acid added as long as a precipitate ia formed, the 
solution filtered, and the succinic acid allowed to crystallize out. 

It crystallizes in large prisms or hexagonal plates, which are colorless, 
odorless, permanent in air, acid in taste, soluble in water, sparingly so in 
ether and in cold alcohol. It fuses at 180", and distils with partial de- 
oomposition at 235°. 

Succinic atid withstands the action of oxidizing agents; reducing 
■gents convert it into the corresponding acid of the fatty series, butyric 
acid; with bromine it forms products of substitution; sulphuric acid is 
without action upon it; phosphoric anhydride removes the elements of a 
molecule of water and converts it into succinic anhydride, C,H,0,. 

The remaining acids of this aeries may be dismissed with a few words. 

lieoxygliilanic acid, C,H,0 — is derived from glutanic acid by heating 
with bydriodio acid. It forms large crystals, soluble in water. It is iso- 
meric with pyrotartaric acid. 

Adipic acid, C,H„0 — is formed by the action of nitric acid upon 
many fatty substances; it bears the same relation to leucio acid that oxalio 
does to glycolie acid. It is soluble in water, alcohol, and ether; fuses at 
130°. 

IHmelic acid, C,H„0, — is another product of the oxidation by nitric 
ftcid of fatty substances, notably of oleic acid. It forms small crystals; 
sparingly soluble in water, alcohol, and ether; quite soluble in tha same 
liquids when hot. 

.Suberic acid, C,n,,0. — a product of the oxidation, by nitric acid, of 
cork, oleic, and stearic acids, and oils containing them. It forma nmf" 



J 



254 GENERAL MEDICAL OHEXISTRT. 

crystals, sparingly soluble in cold water, readily soluble in bot water, tl* 
coliol, and ether. 

Azelaic acid, C,H,,0^ — also known as anchoic acid^ is formed, along 
with the preceding, by oxidation of castor-oil. 

tSebacic acid^ C\,li,,0^ — is a product of the decomposition of oleic acid 
by dry distillation, and of the action of potash on castor-oil. It crystal- 
lizes in pearly needles; fusible at 12G^; sparingly soluble in cold water, 
readily soluble in hot water, alcohol, and ether. 

ItocceUic acid, C,,II,,0^ — exists in various lichens, roceeUa iindoriOf 
fuci/brtnis, etc., from which litmus and orchel are prepared. It crystal- 
lizes in colorless crystals; fusible at 132°; insoluble in water; soluble in 
alcohol and in ether. 



COMPOUND ETHERS OF THE ACIDS OF TEDE3 

G.II^O, AND C,H,,_,0,. 



:i3i:iiD-: 



The members of both of these scries contain two atoms of hydrogen 
replaceable by alcoholic radicals. In those of the series C,H^O„ with the 
e\ccpti( n of carbonic acid, being monobasic, although diatomic, it is not 
immaterial which hydrogen is so replaced; if it be that of the group 
011,011, the resulting compound is a monobasic acid, in which the hydro- 
gen of the group COOH may be replaced by another alcoholic radical to 
form a neutral ether of the new acid;wf, on the other hand, the hydrogen 
of the group COOII be first replaced, a neutral compound ether is formed. 
In the members of the series C„H,,_,0^, which are dibasic, the substitu- 
tion of an alcoholic radical for the hydrogen of either group COOH pro- 
duces a monobasic acid, in which the hydrogen of the other COOH may 
be replac(»d by another radical to form a neutral ether. The following 
formuhe indicate the differences in the nature of these compounds: 

CH.OH CH.OC.n, CH OH CH,OC.H. 

I 1 I J. 

coon COOH COOC.H, COOC.H, 

Olycollo acid EUiylglyoolic acid. Ethyl glycolate. EUiyl ethylg^ycolftta. 

COOH COOCJL COOC.H 



i 



a^^i 



COOH COOH cooc.n. 



I 

Oxalic acid. EUiyloxalic add. EUiyl oxalate. 

None of the many ethers of these series are of medical interest. 

ALDEHYDES AND ANHYDRIDES OF THE SERIES 

GJl^O, AXD C,H^.,0,. 

In treating of the monoatomic compounds, it was stated that sub- 
stances existed corresponding to the fatty acids, known as aldehydes and 
anhydrides, the former differing from the acids in that they contained the 
group con ifKstead of COOH, the latter being the oxides of the acid 
radicals. Similar compounds exist corresponding to the acids of these 
two series. 
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Tho aldehydes corresponding to tlie series 0,11,^0, contain the group 
COH in place ot the group Cf)OH, and us they also contain the group 
CH,On, thev are possessed of the double futiction of primary alcohol and 
aldehyde, 'f hose of the series O.II,,_^0, form IwoBeries; in one of whieh 
only one of the groups COOH is deoxidized to COH; in the other, both. 
Those of the first series, still containing a group CUUU, are monobaHio 
aoids aa well as aldehydes: 



cn.oH cn.on cooh cooh 

COOH OOH COOH VOU 

Ol^fnltoiidd, (II;niillo aldchidt. OmUcadd. QIjujuUd add. 



COH 



COH 

OljrnioL 



While the anhvdrides of the fatty series may be considered as derived 
from the acids by ine subtraction of the elements of a molecule of water from 
two molecules of the acids, those of both the series of acids under consider- 
ation are derived from a single molecule of the acid by the subtraction of 
thfl elements of a molecule of water: 



CH. 
COOH 



CH,— CO 
CH,— Co/ 

Aonlc uihTilriila. 



CH,, 



io/ 



> 



OljaBHeutardrtilg. 



CH.0H 
COOH 



CH,— Co/ 



e of practical medical importance. 



AMINES OF THS GLYCOXiS. 

ETOTi-Binc CourouMD AimoNiAS. 

These substancea are derived from a double molecule of ammonia, or 
of ammo[iium hydrate, by the substitution of the diatomic radicals of the 

flycola (hydrocarbons of the series C,n«,) for an equivalent number of 
ydrogeii atoms. They are distinguished from the corresponding oom- 
Sounds of the radicals of tho mouuatomia alcohols, the monamine», by the 
esignation of diamines. 

When it is considered that in the formation of these substances double 
hydrogen atoms can be replaced by diatomio radicals to form primary, 
secondary, and tertiary amines: 



H. 



(O.HX 



C,H, 



DUttaTlmnamJu. 



(C,H,)" 
C,U.)" 

c,H." 



that others exist in which two univalent radicals replace a divalent rad- 
ioal; others, agiiin, in which atoms of hydrogen have been replaced by 
fTOups OHj and fmally, that similar compounds of phosphorus, aneaiA- 
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and antimony exist, it is not astonishing that the study of the vast nnm* 
ber of substances, the possibility of whose existence is thus indicated, is 
still in its infancy. 

Although at present we know of none of these substances which is of 
medical interest, there is strong probability that further investigation will 
show some of the natural alkaloids, whose constitution is as yet unknowni 
to belong in this class. 



AMIDES OF THE ACIDS OF THE 

GJl^O, AND aH,.^0,. 



ci:h:ii3^: 



This class of substances, formed by the substitution of radicals of the 
acids for atoms of hydrogen in ammonia molecules, contains some sub- 
stances of the greatest medical interest. The radicals of the acids of the 
series C^H^nO,, except carbonic acid, being univalent, form amides similar 
in constitution to those of the acids of the series C„H,,»0, (p. 207). 

In the case of the dibasic acids no less than three series of amides are 
known to exist; thus we have, corresponding to oxalic acid: 



^jQ CO. COOH 



coon 



T \ J. / X c 

i^-N co/n, C0\ J 

u/ K,/ H— N COOH 

^ H..^ H/ 

Oximide. Oxamide. Oxunioadd. OzalloaoUL 

Secondary motiamide. Primary dUxmide. Primary motiamids. Add. 

In the first of these, two atoms of hydrogen of a single molecule of 
ammonia arc replaced by the divalent radical of the acid; these are dis- 
tinguished as imiiJes, Those of the second series are normally formed 
diamidcs. In the third series, the univalent remainder, left by the re- 
moval of Oil from the acid, replaces an atom of hydrogen in one molecule 
of ammonia, and the resulting compound, still containing a group COOH, 
has the functions of a monobasic acid. 



Amides of Garbonio Aoid. 
Carbimide, ^^%Nn. 

Although many chemists have regarded cyanic acid (q. v.) as being 
the imide of carbonic acid, there are many reasons, drawn from the methods 
of formation and properties of cyanic acid, which lead us to assign to it 

CN 
the constitution | , rather than that given above, and to consider it as 

OH 
the isomere of the hitherto undiscovered carbimide. 
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Carbamide — Ur e a, 



ii. 



whose exUtenue was suspooted by Boerhaave 
3 form l>j' the youngtr Kouelle, 



This importftnt substanci 
and lialler, was tirat ubtaiiii 

in 1771, who called it extniolum aapunaceuin uriiue; 
conipamtive purity by Cruiksbaiik in 1TU8. 
ill 17S9, by tourcroy and Vauqueliii. It ia of great interest, hislorioully 
fts veil as medically, as being the first in the great catalogue ot organic 
substances that have been obtained by synthetio nielhods, its synthesis 
having been effected by Woebler in 18«8. 

Uroa does not occur in the vegetable world; it exists principally in 
the urine ot man and of tbe mammalia; also in smaller quantity in the 
excrements of birds, lisbes, and some reptiles; in the ' ' 

raalian blood, chyle, lymph, liver, spleen, lungs, brajn, 
ous humors, saliva, perspiration, bile, milk, amniotic t 
muscular tissue, and in serous fluids (see below). 

Urea is formed in a number ot reactions: 

J'irat. — As a product of decomposition of 

Second. — By the oxidation of oxamide. 

77iirtl. — By the action of caustic potassa, 
creatin, sarcosiue being formed at the same ti 



and aq 
id allantoic fluids, 

ic acid in various ways, 
id of other reagents upon 



c.irN.o, 



HO 



J-lmrlh.—'By the limited oxidation of albu 

tijlh. — By the molecular transformation 
cyanatc: 

C'N 
ONU. 



;ubstanocs by potu 
1 of its isomeritle, ammouiuiu 

(CO)/ _ 



id. 



dof 



of synthesis of Woehl. 
on of urea artificially, 
j'chlorido upon dry ammi: 

'lydrate on ethyl carbonad 



, This IS a step in the classical method 
tbe process now usud for the preparation 

Hixth. — By the action of carbon 

Hetenth. — By the action of am 
ftt 180°. 

Eii/fUh. — By heating ammonium 

N^intk. — By the slow evaporatio 
oysnio acid. 

Preparation. — Urea is obtained 
from ammonium cyanale. 

1. J^om fhe tirine. — Fresh urine is evaporated to the consistency o( a 
syrup over the water-hath; the residue la cooled and mixed with an 
equal volume of colorless nitric acid of sp, gr. 1.43; the crTstals which 
separate are washed with a Kmatl quantity of cold water, and diasolvt 



carbonate in sealed tubes to 130°. 
n of an aqueous solution of hydrc 

either from the urine, or synthetically 



hot water; the 



) is decolorized, so fiir 



Bible, 



fithuut bnilin 



with animal charcoal, filtered, and neutraliied with potassium carbonate; 



•^ -••*■*.'-- ».- -■- -- *-ri.~i' "T.- "■" — AT-s-i ~ -^ - ~w^ — .- — m - • ACS 

# « » ^ 

<,-r*r •.'.* -si'.-^rrM'.-. f.-»riz "i liz: . : :-»a i: T«:-i*i:^=i «-i.z i*:* crj*:^— ring 

• ■ • " - ^ - 

^ • ^ m m m 

'3-.^ jfc^z •..-*.•>:: ■» ::. 5*..-^":^:. l:: i.::-:.: ir^. :- r-ir-: raider:, leAre* ibie 

r.'r^i '..'*. *:i—Z'»:-. fr-.n; .14 t'lr:-* « ..:.:- ir. l:zr. £ii:e=*-i rrJ 

»;•.••* '•,-:*-,-:-:,'*. ^r.i.s. I: is 'icl-rless ^z.i cocrlrss; hxs & ci-zliri". biiierish 
ta.%*^, rirvirr..',. r.y ".:.*: c5 saliz^tre: is i:*~:n.l in n&Acrfzr.: sclucle in one 
f,*r*. of "wir*:.* »•. I.j', :r.e sr.i-ti'-r^ "c^ir.r i.::*-i€-i "in:!: diminaiion of lem- 
;x;r4 •,-.-*:: •-..-.'/.'; .Ti f.re r»a.r:s cf c-.li a.'.::h:l isr. er. O.S16> Acd in one 
p * r. o f f/o . , -. i^ 1 ! *: r. r. ', i : T*r rv ara r! n ?i v * : '. \: h [ e in e : her. W ten its powder 
.^ u..z*r'\ •*!:•. tf.a: of c-tr.a:ri sa.ts. s'-ch &« sodium siiirhiie, the water of 
^.r J/* ♦.*... /.a •.or. of iuh salt separates, and :h* mass r«*^?cnie« soft or even 
U'ii'.'i. V.':.'-ri p'jr*: it is r.ot ceiiq^escer.:. "cu: is s.izhtlj hvcrometric, 
a'j'i w.o'rn it i« to L*: weigned it should he dried ai I*.".'' and coded in a 
r>:J8fcir-a?.or. 

I}*ff,y„y,nf^onM. — Whon heated to 13''»', urea fuses; at a few degrees 
a'f/'r.': ^Kat t<:rr.:.':rat ;re it boils, givicff rff ammcnia acd ammonium car- 
hori^r'r, ar:'l I':av'!^ a resi'i'je oi ammdid*:^ C,H,N\0,. When heated to 
I.y/' --I7'/', it is decomposed, leaving a mixture of ammellde, cyanuiic 
acid, and hirjr';t: 

6f;ON\II. = 2C0, + C.n.N.O. -h 7NH, -f- H,0 

Upa. Carbon dkizide. Ammrlkie. 



3C(>N,II. = C.O.X.II, -r 3NH, 

Urea. CTmnnrc acid. Ammonia. 



2(;OX,II. = C,H,X,0, + NH, 

Una. Biuret. Ammonia. 

Ono of \\\o tests for urea is based upon the formation of biuret. If 
mairitairi'rd .'it ir>0'' — ITC^ for some time, a dry, grayish mass remains, which 
conKJKtM principally of cyanuric acid. If, in this reaction, the volatile pro- 
ducts h'! coridensird, tliey will be found to contain urea, not that that sub- 
ftt.unrv; is volatile, but because a portion of the cyanuric acid and ammonia 
)iav(? unit I'd to regenerate urea by the reverse action to that given above. 

I)iliite a'jiieoiis solutions of urea are not decomposed by boiling; but 
if ihe Holution be concentrated, or the boiling prolonged for a long time, 
the urea is partially decomposed into carbon dioxide and ammonia. The 
ftamo deeorriposition takes place more rapidly and completely when a solu- 
tion of urea is lieated under pressure to 140 . 

A j»urn aqueous solution of urea is not altered by exposure to filtered 
air. If urino bo allowed to stand, putrefactive changes take place under 
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the inHuenoe of a. peculiar organized ferment, or of a diastase*! Iko body 
which is a constituent of normal uriuo. 

Chlorine decomposes ure& with production of carbon dioxide, nitrogen, 
and hydrochloric acid. Solutions of the alkaline hypochlorites and hypo- 
bromites effect a similar decomposition in ihe presence of an excess of 
alkali, according to the equation: 

3CINa 



coN.n, 


+ 3C10N. = 


= CO, + 


2H,0 


+ N, 


u™. 


Sollani 


djoil.ls. 


"■>-■ 


Nlln««n. 



CON.n, + N,0. 


= CO, + N. + 2H.0 (1 


^"^ w'JTX 


Bu*™ MltmgU], WUar. 


or the equation : 




2C0N,H, + N,0, = 


CO.(NH.). + N. + CO. 


Urt*. NltroBoIl 
UHoudL 


*^sr "'"*""■ "i-^si 



Upon this decomposition are based the quantitative processes of Knop, 
HOfner, Yvon, Davy, Leconte, etc. 

Nitrous ncid, or nitric acid charged with nitrous rapurs, deoompoaM 
urea aecordingto the equation: 



(2) 



If the mixture be made in the cold, of one molecule of nitrogen tri-' 
oxide to two molecules of urea, the decomposition is that indicated by 
Equation 2. If, on the other hand, the trioxide be gradually added to the 
previously warmed urea solution in the same proportion, half the urea is 
decomposed while the remainder remains unaltered, and, upon ilia addi- 
tion of a further and sufiitiient quantity of the trioxide, all the urea is de- 
composed according to Equation 1. Upon this reaction are based the 
processes of Gruhant, Boymond, Draper, etc. 

When heated with mineral acids or alkalies, urea is decomposed with 
formation of carbon dioxide and ammonia; if the decomposing agent ba 
an acid, carbon dioxide is given off, and an ammoniaeal salt remains; if 
an alkali, a carbonate of the alkaline metal remains and carbon dioxide is 
given off. Upon this decomposition are based the proeesses of IXeinta 
and Ragsky, Bunsen, etc. 

Compounds. — Urea forms definite compounds, not only with acids, but 
also witb certain oxides and salts. Of the compounds which it forms 
with aeidt, the most important are those with nitric and oxalic acids. 

Urea nitrate, CON H ,IINO„ is formed as a white crystalline mass 
when a concentrated solution of urea is treated, in the cold, with nitric 
acid. It is much less soluble in water than is urea, especially in the 
presence of an excess of nitric acid, '^^^len heated to 140° it is decom- 
posed with evolution of large quantities of carbon dioiide and nitrogen 
monoxide. It decomposes the carbonates with liberation of urea. If a 
solution of urea nitrate be evaporiLtcd over the water-bath, it is decom- 
posed, bubbles o( gas being given o(f beyond a certain degree of concen- 
tration, and large crystals of urea, covered with smaller ones of urea 
nitrate, separate. Zinc added to a solution of urea nitrate causes its de- 
composition with evolution of equal volumes of nitrogen and carbon di- 
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Urea oxalate^ 2C0X,H^,H,C,0^ — separates as a fine, crystalline pow- 
der from mixed aqueous solutions of urea and oxalic acid of sufficient 
concentration. It is acid in taste and reaction, less soluble in cold water 
than the nitrate, and less soluble in the presence of an excess of oxalic 
acid that in pure water. Its solution may be evaporated at the temper- 
ature of the water-bath without suffering decomposition. 

Of the compounds of urea with oxides^ the most interesting are those 
with mercuric oxide, three in number: 

a. COX,H„2HgO is formed by gradually adding mercuric oxide to 
a solution of urea heated to near its boiling-point; the filtered liquid, on 
standing twenty-four hours, deposits crystalline crusts of the above com- 
position. 

p. CONjTI^,3IIgO is formed as a gelatinous precipitate when mercuric 
rliloridc solution is added to a solution of urea containing potassium hy- 
drate. 

y. COXJT^,4lIgO is formed as a white, amorphous precipitate when 
a dihito solution of mercuric nitrate is gradually added to a dilute alka- 
line solution of urea, and the excess of acid neutralized from time to 
time. A yellow tinge in the precipitate indicates the formation of mer- 
curic subnitrate after the urea has been all precipitated (see Liebig's 
process, bolow). 

Of the compounds of urea with salts^ that with sodium chloride is the 
only one of importance: 

CON\II^,NaCl,lI,0. — It is obtained in prismatic crystals when solu- 
tions of equal molecules of urea and sodium chloride are evaporated to- 
gether. It is deliquescent and very soluble in water. Its solution, when 
mixed with solution of oxalic acid, only forms urea oxalate after long 
standing, or on evaporation. 

PhifHioloffy. — Lrea is a constant constituent of normal mammalian 
blood and urine, and is the chief pro<luct of the oxidation of albuminoid 
substances which occur in the body; the bulk of the nitrogen assimilated 
from the food ultimately making its exit from the body in the form of 
urea in the urine. 

The determinations of the amount of urea in the blood and fluids 
other than the urine are, owing to imperfections in the processes of 
analysis, not as accurate as could be desired, the error being generally a 
niiinis one. As, however, the results of the same observer, using the 
same method, are comparable with each other, some of the more prom* 
inent are given in the following table: 



Quantity op Urea in Grams per 1,000 Parts in Animal Fluids 

OTHER THAN UrINE. 

Normal blood— dog 0.36 Picard. 

Normal blood — dog 0.19 Wurtz. 

Normal blood— dog .11— .58 Treskin. 

Normal blood— dog 0.24—0.53 Munk. 

Normal blood — dog 0.1 4 — . 85 Pekelharing. 

Normal blood — dog .22 Poiseuille & Gobley. 

Normal blood — cow .22 Poiseuille & Gobley. 

Normal blood— cow 0.19 Wurtz. 

Normal blood — goat 0.17 Meissner & Shephard. 
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Normal blood — human 0.2 — . 4 Gamgee. 

Normal blood — liumaii . 16 Picard. 

Normal blood — human 0.14 — 0.18 Gautier. 

Normal blood — human placental. . . . 0.^8 — 0.G2 Picard. 

Normal blood — human fcBtal 0.27 Picard. 

Blood of dog before nephrotomy. . . . 0.2G — 0.88 Grehant. 

Blood of dog, three hours after ne- 
phrotomy .45 — . 93 Grehant. 

Blood of dog, twenty-seven hours after 

nephrotomy 2.06— 2. 70 Grehant. 

Human blood in cholera 2.4 Voit. 

Human blood in cholera 3 .6 Chalvet. 

Human blood in Bright's 15 .0 Bright & Babington. 

Lymph — dog 0.16 Wurtz. 

Lymph — cow 0. 19 Wurtz. 

Chyle — cow 0.19 Wurtz. 

Milk 0.13 Picard. 

Saliva 0.35 Picard. 

Bile 0.30 Picard, 

Fluid of ascites 0.15 Picard. 

Perspiration .43 Favre. 

Perspiration 0.38 Funke. 

Perspiration 0.88 Picard. 

The quantity- of urea contained in human urine under various circum- 
stances of health and disease has been the subject of a great number of 
investigations, and a determination of the amount voided in a given case 
is frequently of great importance to the physician, as indicating the 
amount of disassimilation of nitrogenous material occurring in the body 
at the time. Under normal conditions the quantity of urea voided in 
twenty-four hours is subject to considerable variations, as is shown in the 
subjoined table: 



Amoitnt of Ueea in Human Urine — Normal. 



Partoper 
1,000. 

Urine of gp. ffT. 1^H>9.3 9.88 

Urine of sp.gr. 1011.6 11 89 

Urine of sp. gr. 1019. 18 . 58 

Urine of sp. gr. 1026.0 25.80 

Urine of gp. gr. 1027.7 29.70 

Urine of sp. gr. 1028.0 27.08 

Urine of sp. gr. 1029.0 81.77 

Urine of adult male (average) 80.0 

Urine of adult male (average) 

Urine of adult male (average) 25—82 

Urine of adult male (average) 

Urine of adult male (average) 23 8 

Urine of adult male, animal food 

Urine of adult male, mixed food 

Urine of adult male, vegetable food 

Urine of adult male, non-nitrogenized food 

Urine of old men 84 — 86 y^ars 

Urine of adult female (average) 



Onins In total 
urine of 94 
hoon. 

Millon. 

MiUon. 

Boy mond. 

MiUon. 

MiUon. 

Boymond. 

Millon. 

Borzelina 

28.052 Leoanu. 
22—85 Neubauer. 
82-43 Kemer. 

85 Vogel 

51—02 Fronqne. 

86—38 Franque. 

24—28 Franque. 

16 Franque. 

8.11 Leoanu. 
19.116 
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Amount of Ubka in Human Ubinb — 'SoRuxh^ Cantimted. 



PiuUper 
1,0UU. 



Gnum in total 
urine of M 
boon. 



Urine of pregnant female 80 — 38 Qainqnand. 

Urine of female, 24 hours after delivery 20 — 22 Qainqnand. 

Urine of Id f ant, first day 0.03 — 0.04 Quinqnand. 

Urine of infant, fifth day 0.12 — 0.15 Qiiinqoand. 

Urine of infant, eighth day 0.2 — 0.28 Quinqoand. 

Urine of infant, fifteenth day 0.3 — 0. 04 Qainqnand. 

Urine of child four years old 4.506 Lecano. 

Urine of child eight years old 13 .471 Lecano. 

Urine of boy eighteen months old. 8—12 Harley. 

Urine of girl eighteen months old — 8 Harley. 

The variations are produced by: 

J*lrst, — Affe, — In new-born children the elimination of urea is insig- 
nificant. By growing children the amount voided is absolutely less than 
that discharged by adults, but, relatively to their weight, considerably 
greater; thus, Harley gives the following amounts of urea in grams for 
each pound of body- weight in twenty-four hours: boy, eighteen months, 
0.4; girl, eighteen months, 0.35; man, twenty-seven years, 0.25; woman, 
twenty-seven years, 0.20. During adult life the mean elimination of urea 
remains stationary, unless modified by other causes tlian age. In old age 
the amount sinks to below the absolute quantity discharged by growing 
children. 

/Second. — Sex, — At all periods of life females eliminate less urea than 
males. The proportion given by Beigcl differs slightly from that of Har- 
ley, viz.: one kilo of male, 0.35 grams urea in twenty-four hours; one kilo 
of female, 0.25 grams. During pregnancy females discharge more urea 
than males; very shortly after delivery the amount sinks to the normal, 
below which it passes during lactation. 

Third. — Food. — The quantity of urea eliminated is in direct propor- 
tion to the amount of nitrogen contained in the food. The ingestion of 
large quantities of watery drinks increases the amount, and a contrary 
effect is produced by tea, coffee, and alcohol. With insufficient food the 
excretion of urea is diminished, although not arrested, even in extreme 
starvation. 

Fourth, — ^asercise. — The question whether the elimination of urea is 
increased during violent muscular exercise is one which has been the sub- 
ject of many observations and of much discussion. An examination of 
the various results shows that, while the excretion of urea is slightly 
greater during violent exercise than during periods of rest, that increase 
18 so insignificant in comparison to the work done, and, in some instances, 
to the loss of body-weight, as to render the assumption that muscular 
force is the result of the oxidation of the nitrogenized constituents of 
muscle improbable. (See Gamgce: Physiological Chemistry, i., pp. 385— 
401, for a full review of the subject.) 

The percentage of urea in the urine of the same individual is not the 
same at different times of the day. The minimum hourly elimination is 
in the morning hours; an increase begins immediately after the principal 
meal, and reaches its height in about six hours, when a diminution sets in 
and progresses to the time of the next meal. Gorup-Besanez gives a 
curve representing the hourly variations in the elimination of urea, which, 
reduced to figures, gives the foUowing: 
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Tlie total oF which, however, represents a quantity above the normal. 

The absolutd amount of urea eliminated in twenty-tour hotfra is in- 
creased by tliB exhibition of diuretics, alkalies, colchicum, turpentine, 
rhubarb, alkaline silicates, and compounds of antimony, arsenic, and phos- 
pborua. It is diminished by digitalis, cafein, potassium iodide, and lead 
ftoetate; not sensibly aflected by quinine. 

Pathologmdly tlio quantity of ure 
diminished: an increase above the nor 
tion ol nitrop;etiou3 material or th 
tbe body; and a diminution a defict 
stances, or, as is frequently the easi 
gen to the body from loss of appetite o 



In acute febrile diseases both tli 
una eliminated augments, with some os( 
height; there is, however, no constant 
urea etimlnatcd and the body temperatui 
vescence, the amount of urea eliminated ii 
below the iiormul; during convalescence it 
malady terminate in dculh the diminutiott 
end. In intermittent fever the amount of 



a voided may be either increased or 
mal indicating an increased oxida- 
'etention of the urea formed within 
. oxidation of the same class of sub- 
a diminution in the supply of nitro- 
of assimih 



dative and absolute amounts of 
illations. Until the feVer is at its 
elatinn between the atnuunt of 
e. During the period of defer- 
twenty-four hours is 



ished 
If the 

to the 
discharg'ed is increased on 



the day of the fever and diminished during the interval. In cholei 
JHg the algid stage, the elimination of urea by the kidneys is almost com- 
pletely arrested, white the quantity in the blood is greatly increased. 
When the secretion of urine is again established, the excretion of urea is 
greatly increased (sixty to eighty grams a day), and the aliiiudant perspira- 
tion isalso rich in urea. In cardiac diseases, attended wiih respiratory diffi- 
culty, but without albuminuria, the elimination of urea is diminished and 



that of urio acid Increased. In 
elimination of urea at first 
urea, accumulating in the \ 
quantity of urea in the uri 
with dropsical effusions; it 
■orbed. 
houri is great' 



ephrltis, attended with albui 
.ins normal; later it din 



a, the 

3, and the 



1 normal. In cli 



Htwtnic poUoning. The 
diminished in all diseases attended 
d when the dropsical fluid is roab- 
o( urea in the urine of tioenty-four 
the elimination of urea 



is below the normal, owing to Imperfect oxidation. 

S^Ufor K«rt.— To detect the presence of urea in a fluid, it is mixed 
with throe to four volumes of alooliol, and fdcered after having stood 
several hours in the cold; the filtrate is evaporated on llio water-buLh, and 
the residue extracted with strong alcohol; the filtered alcoholic fluid is 
evaporated, and the residue tested as fnllowa: 

£lr8t. — A small portion is hoatcd in a dry test-tubo to abogt ^ea*- 
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until tlic odor of ammonia is no longer observed; the residue is treated 
with a few drops of caustic potassa solution and three or four drops of 
cuprio sulphate solution. If urea be present, the biuret resulting from 
its decomposition by heat (p. 258) causes the solution of the cuprio oxide 
with a reddish violet color. 

Second. — A portion of the residue is dissolved in a drop or two of 
water and an equal quantity of colorless concentrated nitric acid added ;^ 
if urea be present in sufficient quantity there appear white, shining, hex- 
agonal or rhombic crystalline plates or six-sided prisms of urea nitrate. 

lliird. — A portion dissolved in water, as in second, is treated with a 
solution of oxalic acid; rhombic plates of urea oxalate crystallize. 

JJetennifKidon of quantity of urea in urine. — It must not be forgotten 
that, in all quantitative determinations of constituents of the urine, the 
question to be solved is not how much of that constituent is contained in 
a given quantity of urine, but how much of that substance the patient is 
dischargin<T in a given time, usually twenty-four hours. Quantitative 
determinations are, therefor, in most cases, barren of useful results, un- 
less the quantity of urine passed by the patient in twenty-four hours is 
known; and, in view of diurnal variations in elimination, unless the 
urine examined be a sample taken from the mixed urine of tweuty-four 
hours. 

Tiierc is no substance in the body for whose quantitative determina- 
tion so many processes have been suggested; vet, although some of these 
are sufficiently accurate for clinical purposes, tliorc has been none hitherto 
devised, wliicli, as applied to the urine, is free from sources of error. 

The processes giving the most accurate results are those of Bunsen 
and iJraper, in both of which the urea is decomposed into carbon dioxide 
and ammonia, the former of which is weighed as barium carbonate. Un- 
fortunately, both processes require an expenditure of time and a degree 
of skill in manipulation, which render their application possible only in 
a well-aj>pointed laboratory. 

A process which is described in all the text-books upon urinary analy- 
sis, and which is much used by physicians, is that of Liebig. As this 
method is one, however, which contains more sources of error than any 
other, and as it can only be made to yield approximately correct results 
by a very careful elimination, as far as possible, of those defects, it is not 
one wiiich is adapted to the use of the ])hysician. 

Probably the most satisfactory process in the hands of the practi- 
tioner is that of Hiifner, based upon the reaction, to which attention was 
first called by Knop, of the alkaline hypobromites upon urea (p. 259); 
using, however, Dietrich's apparatus, or the more simple modification 
suggested by Rumpf, in place of that of Hiifner. The apparatus consists 
of a burette of 30 — 50 c.c. capacity, immersed in a reversed position in a 
glass cylinder, filled with water, and of such size that the burette can be 
completely immersed. The nozzle of the burette is connected with a piece 
of stout glass tubing about six inches long, bent at a right angle at about 
two inches from its upper end, and held by a support in such a way that 
the burette, which is to act as a gasometer, may bo elevated or depressed 
at pleasure; the other end of the glass tubing is fitted to a piece of rub- 
ber tubing about three feet long. The other end of the rubber tube is 
connected with a short piece of glass tubing, which passes through an 
opening in a rubber cork, which has another hole giving passage to a 
short piece of glass tube fitted with a rubber tube closed with a pinch- 
cock; the rubber cork is inserted into the mouth of a wide-mouthed flask 



of about TS 0.0. capacity; a. short tcBt-tube, of about 15 c.c. oapaoity, 
and of auch sixe that it may he in»de to stand inside the bottle without 
Bpilling' its contents; all joints must be air-tight. 

The reagent required Is made as follovra: 27 c.c. of a solution of 
cftustia Bodu, made by dissolving' one hundred grams NallO In 250 a.c, 
HO, are brought into a glass -stoppered bottle, 3.5 c.c brotninQ are 
■uded, the mixture shaken, and diluted with water to 150 o.a. The caua- 
tio soda solution may be kept in a glass-stoppered bottle, whose stopper 
is well paraifined, but the mixture must be made up as required. 

To conduct a determination, about 20 c.c. of-the hypobromite solution 
are placed in the decomposiug-bottle; 5 c.c. of the urine to be examined 
are placed in the test-tube, which is then introduced into the bottle, care 
being taken that no urine escapes, the cork is then inserted, the pinch- 
cock opened and the burette adjusted in the cylinder so that the level of 
the water outs the highest point in the graduation. The pinch-cock is 
now closed and the decomposing bottle inclined and shaken, so that the 
e and hvpobromite solution mix; the decomposition begins at onoe, 
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about un 
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olved nitrogen passes into the burette, which is raised from 
LC, so !LS to keep tiie external and internal levels of water about 
carbon dioxide formed is retained by the soda solution. In 
lour (the decomposition is usually complete in fifteen tninutes, 
cU to wait an hour) the height ia so adjusted ihut the inner 
levels of water are exactly even and the graduation ia read, 
while the standing of the barometer and thermometer are noted at the 

In calculating the percentage of urea from the volume of nitrogen 
obtained. It is essential .that a correction should be made for dilTerences 
of temperature and pressure, without which the result from an ordinary 
sample of urine may be vitiated by an error of ten per cent. If, however, 
the temperature and barometric pressure have been noted, the correction 
is readily made by the use of the table on pages 266 and 267, computed 
by Dietrich. 

In the square of the table in which the horizontal line of the obaerred 
temperature crosses the vertical one of the observed barometric pressure 
will be found the correct weight, in milligrams, of a cubic centimetre of 
nitrogen; this, muldplied by the observed volume of nitrogen, gives the 
weight of nitrogen furnished by the urea. But as (iO parts of urea yield 
28 of nitrogen, the weight of nitrogen multiplied by 2.11 gives the weight 
of urea in milligrams contained In the 5 c.c. (or other quantity) of urlna 
decom[>osed. This quantity, multiplied by twice the amount of urine 
passed In 2i hours, and divided by 1,000, gives the amount of urea 
eliminated in 21 hours In grams. 

Eeample. — 5 c.c. of urine decomposed; barometer = 742; thermom- 
eter=20; nitrogen collected =14.5. 

From the table, the weight of 1 o.c. N at the above temperature and 

preBBurelsl.llC. 1.116x14.5=16.18 milligr. nitrogen collected; 16.18x 

2.14=34.625 milligr. urea in 6 cc. urine. The patient passed in 24 hours 650 

1.300 y34.<i:i ,,r>o , ■ 

— »r. no — „ ^ passed i 
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~— 45.02 a 
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In using this process it Is well to have the urea solutlor 
)tr«ngth of one per cent, as possible; therefor, If the urine be < 
U in the above example, it should bo diluted. Even when ( 
ducted, tlie process is not strictly acourato; creatlnin a 
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also deconipoeed with liberation of tiltrogon, thus causing a alight plui 
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error; on the other hand, a minus ei 

decomposition of urea by the hypobi 

ohtiiined nithiri about eight per cent, in urine, inese errc 

rectified to a great extent by multiplying the result by 1.044. 

A process which does not yield as accurate results as the preceding, 
but which is much more easy of application, is that of Fowler, based upon 
the loss of specific gravity of the urine after the decomposition of lU 
urea by hypochlorite. To apply this method the specific pra%-ity of the 
urine is carefully determined, as well as that of the liq. aodie ohloriuatn 
(Scjuibb'sl. One volume of the urine is then mixed with exactly seven 
volumes of the liq. sod. chlor., and, after the first violence of the reaction 
has subsided, the mixture is shaken from time to time during an hour, 
when the decomposition is complete; the specific gravity of the mixturs 
is then determined. As the reaction begins instantaneously when th« 
urine and reagent are mixed, the specific gravity of the mixture must f 
calculated by adding together once the specific gravity of the urine ai 
seven times the specific gravity of the liq. sod. chlor., and dividing tl 
sum by eight. From the quotient so obtained the specific gravity of tl 
mixture after decomposition is subtracted; every degree of li 
cific gravity indicates 0.7791 gram of urea in 100 c.o. of ui 
specific gravity determinations must all be made at the same tempen-' 
ture; and that of the mixture only when the evolution of gas has ceased 
entirely. 

Finally, when it is only desired to determine whether the urea is 
greatly in excess or much below the normal, advantage may be taken of 
the formation of crystals of urea nitrate. Two samples of the urine are 
taken, one of 5 c.c. and one of 10 c.c; the latter ia evaporated, 
temperature, to the bulk of the former and cooled; to both one-third' 
volume of colorless nitric acid is added. If crystals do not form nithiD 
few moments in the concentrated sample, the quantity of urea is below 
the normal; if they do in the unconceutrated sample, it is in excess. In 
using this very rough method, regard must be had to the quantity ot 






COUPOUND UBEAS. 



967 



Cubic Cbmtimbthb of NiraooEtf. 



T4S 


7«8 


7« 


7A 


TM 


7M 


i» 


TM 


7aa 


IM 


we 


7SB 770 






l.tMl 

litsu 

ii 

if 

l.VHU 


.1081 
.IBM 

iii 
ill 

I.IOB. 
7« 


;i 

IIWI 

.1W|» 

:iMi 

IITU 
.lOW 
7M 


1.1848 

.1717 
.17* 

!lHC 

:iS 

lis 

ilKS 

law 


: m 

nt 

. tn 

. UIB 
. MM 

l! «H 
1. US 

1, im 

7M 


1 

is 

ijm 


iltsu 

!:S 

1.1T« 

i.ieai 
i.ins 
i.m-i 

11 

riwf 

7»S 


LISTS 
I.IW 

i;iffi 
11 

lIllM 

7«a 


1. auf. 
i. 7» 

1. 7M 
1, INI 
1. <M 

I'.m 

l' Ht 

liuw 

703 




HMO 1.XI7S 
l«e 1 MID 

ie4 i-imes 

HS3 1.I1IU 

ssH i.imi 
Tn 1 isin 
ret 1.11K 

ow'l.i^ 
«in 1 1539 

4M 1. 1417 

aw i.nai 

»B Line.' 

3TG 1 I9H 

«0 1.1WT 

nt 786 


i.it«i:i.i8ia 
rwmli.iTM 

liii 

i.ixsa i.i.'inn 
i.uni.ian 

788 770 


18- 

a- 


w 




urine passed in twenty-four hours; the above applies to the normal 
amount of 1,200 c.o. ; if the quantity be greater or lees, the urine must 
be concentrated or diluted in proportion. 

Obviously this process cannot be used when the urine is albuminous. 



Sulphurea, Cs/j^y*, 

IB a compound bearin;^ the same relation to urea that carbon disul' 
phide bears to carbon dioxide, and inuy be obtained from a 
pfaocyanate as urea is obtained from aninionium cyanate. It forms large 
prismatic crystals or long- needles, very soluble in water and alcohol, dif- 
ficultly soluble in ether. It forms salts and other compounds, similar to 
those of urea in constitution. 



tallied from 



Compound Ureas. 

These compounds, which are exceedingly n 
I formed by the substitution of one or tt 
ir one or more of the remaining hydrogen 

intaining alcoholic radicals may be obtained, i 
ammonium cyanate, from the cyanate of the 
mmonium; or by the actioa of ammonia, or of the 
ammonias, upon the cyanic ethers. 

Those containing acid radicals have received the distinctive n 
I UTeid»; soma of them are of great interest as derivatives of uric acid, 
D which is itself probably an ureid. We will limit our consideration of 

I: — 
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Uric Add— Lithio Acid— C,H,N,0,. 

Constitution unknown. So far as yet known, uric acid is exclusively 
an animal product. It exists in the urine of man and of the eamivora, 
and in that of the hcrbivora when, during early life or starvation, they 
are for the time being earnivora; as a constituent of urinary calculi; and 
very abundantly in the excrement of serpents, tortoises, birds, molluscs, 
and insects, also in guano. It is present in very small quantity in the 
blood of man, more abundantly in that of gouty patients and in that of 
birds; the so-called ^^chalk-stones" deposited in the joints of gouty pa- 
tients are composed of sodium urate. It also occurs in the spleen, lungs, 
l^ver, pancreas, brain, and muscular fluid. 

Although uric acid may be obtained from calculi, urine, and guano, 
the source from which it is most readily obtained in a state of purity is 
the solid urine of large serpents, which is composed almost entirely of 
uric acid and the acid urates of sodium, potassium, and ammonium. This 
is dried, j)owdored, and dissolved in a solution of potassium hydrate, con- 
taining one ])art of potash to twenty of water; the solution is boiled 
until all odor of ammonia has disappeared. Through the filtered solution 
a current of carbon dioxide is passed, through a wide tube, until the pre- 
cipitate, which was at first gelatinous, has became granular and sinks to 
the bottom; the acid potassium urate so formed is collected on a filter, 
and washed with cold water until the wash- water becomes turbid when 
added to the first filtrate; the deposit is now dissolved in hot dilute 
caustic potassa solution, and the solution filtered hot into hydrochloric 
acid diluted with an equal volume of water. The precipitated uric acid 
is washed and dried. 

Uric acid, when pure, crystallizes in small, white, rhombic, rectangular 
or hexagonal ])latos, or in rectangular prisms, or in dendritic crystals of a 
hydrate, C\IJ^N\0,,2II,(). As crystallized from urine it is more or less 
colored witli urinary pigments, and forms rectangular or rhombic plates, 
usually with the angles rounded so as to form lozenges, which are ar- 
ranged in bundles, daggers, crosses, or dendritic groups, sometimes of 
considerable size. It is almost insoluble in water, requiring for its solu- 
tion nineteen hundred parts of boiling water and fifteen thousand parts 
of cold water; insoluble in alcohol and ether; its aqueous solution is acid 
to test-paper; cold hydrochloric acid dissolves it more readily than water, 
and on evaporation deposits it in rectangular plates. It is tasteless and 
odorless. 

When heated, uric acid neither fuses nor sublimes, but is decomposed 
with formation of hvdrocvanic and cvanuric acids, urea and ammonium 
cyanate. When heated in a current of chlorine, it yields cyanuric and 
hydrochloric acids; when a current of chlorine is passed for some time 
through water holding uric acid in suspension, alloxan, parabanic and 
oxalic acids, and ammonium cyanate are formed; similar decompositions 
are produced by bromine and iodine. Hydrochloric acid simply dissolves 
it. Sulphuric acid dissolves it; a hot solution deposits a deliquescent 
crystalline compound, C\ri N^0,,4S0^H,; when heated with sulphuric 
acid to 140*^ for some time, it is partly decomposed with formation of Ay- 
durilic acid and pseudoxanthine. Ozone oxidizes uric acid with forma- 
tion of allantoin, carbon dioxide, and urea. The action of nitric acid 
varies with the temperature; it dissolves in cold nitric acid with effer- 
vescence and formation of alloxan, alloxantine, and urea, which last is 



itaelf deoompoBed by the excesa of nitric acid. On heating the mixture, 
or by oxidation of uric acid with hot uitric acid, the alloxan and alloxan- 
tine formed are converted into parabanic acid. A solution of uric acid 
in nitric acid, treated with ammonium hydrate and slightly heated, turns 
purple from the formation oi murexid or ammonium jturpurfUe (aeo p. 270). 
bolutions of the alkalies dissolve uHo acid with formaiion of neutral 
umtes. Uric acid is bibaaic, forming two series of salts with the alkaline 
metals. 

It is more convenient to consider the urates in this place than under 
their respective metallic elements. 

Ammonium urates.— The neutral salt, C,H,N.O, (NH.), is unknown. 
The acid salt, C H,N,(>, (NU,), exists as a constituent of the urine of 
the lower animals, atid occurs, accompanying other urates and free urio 
acid, in urinary sediments and calculi. Sediments of this salt are rust- 
yeUow or pink in color, amorphous, or composed of globular masses, set 
with projecting points, or elongated dumb-belis, and are formed in alkaline 
urine. It is very sparingly soluble in water; soluble in warm hydrochloric 
acid, from which solution crystalline plates of uric acid are deposited. 

Potoisium urates. — The neutral salt, C,H,N,0,K„ is obtained wheuft 
solution of potassium hydrate, free from carbonate, is saturated with una 
acid; the solution on concentration deposits the salt in fine needles. It 
is soluble in forty-four parts of cold water and in thirty-five parts of 
boiling water. It is alkaline in taste, and absorbs carbon dioxide from 
the air. 

The acid salt, C,H,N,0,K, is formed as a granular (at first gelatinous) 
precipitate when a solution of the neutral salt is treated with carbon 
dioxide. It dissolves in eight hundred parts of cold water and in eighty 
parts of boiling wafer. The occurrence of potassium urates in urinary 
sediments and calculi is very exceptional. 

Sodium urates. — The neutral salt, C,H,N,0,Na„ is formed under 
similar conditions as the corresponding potassium salt. It forms nodular 
masses, soluble in sevent3'-seven parts of cold watnr and in seventy-five 
at boiling water ; it absorbs carbon dioxide from the air. 

The acid salt, C n,N 0,Na, is formed when the neutral salt is treated 
nitb carbon dioxide. It is soluble in twelve hundred parts of cold 
water and in one hundred and twenty-five parts of boiling water. It 
occurs in urinary sediments and calculi, very rarely cryslaliized. The 
arthritic calculi of gouty patients are almost exclusively composed of this 
■alt, frequently beautifully crystallized. 

Calcium vratcs. — The neutral salt, C,H,N,0,Ca, is obtained by drop- 
ping a solution of neutral potassium urate into a boiling solution of cal- 
oium chloride until the precipitate is no longer redissolvcd, and then 
boiling for an hour. A granular powder, soluble in fifteen hundred 
id in fourteen hundred and forty parts of boiling 



parts of cold 
water. 

The acid s 
solution of a 



lit, (n^H,N,0,},Ca, is obtained by decomposing a boiling 
;id potassium urate with calcium chloride solution. It 
needles, soluble in six hundred and three parts of cold 
two hundred and seventy-six parts of boiling water. It 
inally in urinary sediments and calculi, and in "chalk 
■tones." 

Lithium urates.— Tho acid salt, C,H,N,0,Li, is formed by dissolving 
uric acid in a warm solution of lithium carbonate. It crystallines in 
needles, which dissolve in sixty parts of water at 60°, and do not' " ' 
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the solution is cooled. It is with a view to the formation of this, 
le most soluble of the urates, that the compounds ot lithium are given 

patients suffering with the un'c acid diathesis. 

Physiology. — Urio acid exists in the economy chiefly in combination 
as its Bodium salts ; it is occaHionally found free, and from the probable 
method of its formation it is difficult to uuderataiid liow all the uric acid 
in the economy should not have existed there free, at least at the 
instant of its formation. It can scarcely be doubted, although there is 
no experimental proof in support of this view, that uric acid is one of 
the products of the oxidation of the albuminoid substances — an oxidation 
intermediate in the production of urea ; and that consequently diseases 
in which there is an excessive formation of uric acid, such as gout, have 
their origin in defective oxidation. 

In human urine the quantity of urio acid varies with the nature of 
the food in the same manner as does urea, and about in the same pro- 
portion: 

Animal food 71,5 

Mixed food 37.0 

Vegetable food 2G.0 

Non-nitrogeniied food 16.0 

The mean elimination of uric acid in the urine is from one-thirty.fifth to 
one-sixtieth of that of urea, or about 0.5 to 1,0 gram in twenty-four 
hours. With a strictly vegetable diet the elimination in 24 hours may 
fall to 0.3 grams, and with a surfeit of animal food it may rise to 1.5 
Iframs, Tbe hourly elimination is increased after meals, and diminished 
by fasting and by muscular and mental activity. 

Deposits of free uric acid occur in acid, concentrated urines. In gout 
the proportion of uric acid in the urine is diminished, although, owing to 
the small quantity of urine passed, it may be relatively great; during the 
paroxysms the quantity of urio acid is increased both relatively and 
absolutely. The proportion of uric acid in the blood is invariably in- 
creased in gout. 

Test*. — ^tJric acid may bo recognized by its crystalline form and by 
the murexid lest. To apply this test the substance is moistened with 
nitric acid, which is evaporated nearly to dryness at a low temperature; 
the cooled residue is then moistened with ammonium hydrate. If una 
acid be present, a yellow residue — sometimes pink or red when the urio 
acid was abundant — remains after the evaporation of the nitric acid, and 
this, on the addition of the alkali, assumes a rich purplish red color. 

To detect uric acid in the blood, about two drachms of the serum ara 
placed in a flat glass dish and faintly acidulated with acetic acid ; a very 
fine fibril of linen thread is placed in the liquid, which is set aside and 
allowed to evaporate to the consistency of a jelly ; the fibril is then 
removed and examined microscopically. If the blood contain urio acid 
in abnormal proportion, the thread will have attached to it crystals of 
uric acid. 

Quantitative determination. — The best method for the determination 
of the quantity of uric acid in urine is the following : 260 c,c of the fil- 
tered urine are acidulated with 10 c.c. of hydrochloric acid, and the mix- 
ture set aside for twenty-fours in a cool place. A small filter is washed, J 
first with dilute hydrochloric acid and then with water, dried at 100°, Utdl 
weighed. At the end of the twenty-four hours this filter is moiatenedil 
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B funnel, and tlie crystals of uric acid collected upon it (those which 
adhere to the walls of the precipitating' vessel are best separated by & 
small section of rubber tubing passed over the end of a glass rod, and 
used as a brush). No water is to be used in this part of the praccas, the 
filtered urine being passed through a second time, if this be required, to 
bring all the crystals upon the filter. The deposit on the filter is now 
washed with 35 c.c. of pure water, added In small portions at a time; the 
filter and its contents are then dried and weighed. The difTerenae be- 
tween this weight and that of the filter alone is the weight of uric acid 
in 250 c.c. of urine. If from any cause more than 35 o.o, of wash-water 
have been used, O"^'. 043 must be added to this weight for every c.c 
of extra wash -water. 

If the urine contain albumen, this must first be separated by adding 
two or three drops of acetic acid, heating to near 100°, until the coagulum 
becomes flocculent, and filtering. 



Ureids derived from Urlo Aoid. 



These substances i 
diureids, triureids, and uraniio acids, according a: 
atitution in one, two, or three molecules of un 
acid radical subacitated does or does not retai 
more prominent may be arranged in two paralle 



ing terms of which differ from each other by CO, thus : 



ro divisible into ureids, 
they are formed by sub- 
1, and according as the 
a group COOH. The 
groups, the correspond- 
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Ureids, 
Pc&ahanic ter 



Alloxanic aeries. 
G.H,N,0. 



llMonlylnm 



(bublCurlD «U). 



DlOBEIDS, 

C.H,N.O. C^H.N.O, O.H.N.O, 

salfl'UnninirMli 
(feUcouiUaa). 



TftTtTonyldlun 



c.n.N.o, 



Urauic Acids. 
O.H.N.O, 



Some of these substances require a brief mention : 

Orali/birea, or parahanic acid, is urea in which two atoms of hydro- 
een have been replaced by the divalent radical (CO,)" of oxalic acid. 
It is obtained by the oxidation of uric acid, or of alloxan by hoi nitric 
acid. It forms six-sided transparent prisma, acid in taste, and very spluUa 
in water and alcohol. 
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Glyoxyldiureay or aUantoin^ is, as its more common name implies, ob- 
tained from the allantoic fluid of the cow; it has also been found to 
exist in the urine of sucking* calves, in that of dogs and cats when fed 
upon meat, in that of children during the first eight days of life, in that 
of adults after the ingestion of tannin, and in that of pregnant women. 

It may he obtained artiBcially by oxidizing uric acid held in suspen- 
sion in boiling water, with pure oxide of lead. 

It crystallizes in small, odorless, tasteless, colorless, neutral and trans- 
parent prisms; sparingly soluble in cold water, readily in warm water, 
alcohol, and ether. Wlien heated with alkalies it yields oxalic acid and 
ammonia; with dilute acids, allaiUuric acid; and with oxidizing agents, 
urea and aUantoic acid. 

It is probably, like uric acid, an intermediate product of the oxidation 
of the albuminoids. 

Mesoxalt/lureay or alloxaj}^ is a product of the limited oxidation of uric 
acid. It has been found in one instance in the intestinal mucus, in a case 
of diarrhoea, and probably in the urine in a case of heart disease. 

It forms colorless crystals, readily soluble in water. AVhen exposed 
to the air it gradually turns red, which color it communicates to the skin 
on contact with it. 

Ojcaluric acid occurs, as its ammonium salt, as a normal constituent, 
in small but constant quantity, of human urine, from which it can only 
be obtained by operating upon large quantities. It may also be obtained 
by heating parabanic acid with calcium carbonate. 

It forms a white, sparingly soluble powder, which, on boiling with 
water or with the alkalies, is converted into urea and oxalic acid. The 
ammonium salt crystallizes in white, glistening needles, sparingly soluble 
in water. 

Its ready conversion into urea and oxalic acid, and its formation from 
parabanic acid, itself a product of oxidation of uric acid, shows it to be 
one of the numerous terms in the oxidation of the nitrogenous constitu- 
ents of the body. 



Substances of Unknovni Constitution Related to Urlo Acid. 

There exist several substances, of unknown constitution, which, from 
their products of decomposition and their occurrence, seem to be closely 
related to uric acid; some of these occur in the animal economy: xanthine, 
hypoxanthine, guanine, carnine. 



Xanthine, C,H^N,0,. 

Sometimes called xanthic oxide or tiroics acidy was first discovered as 
a constituent of a rare form of urinary calculus; since that time it has 
been found to exist in small quantity in the pancreas, spleen, liver, thy- 
mus and brain of mammals and fishes; also in human urine after the use of 
sulphur baths and inunctions. 

When dry it forms an amorphous, yellowish white powder; very spar- 
ingly soluble in cold water, rather more freely in hot water. If dissolved 
in nitric acid and the solution evaporated by heat, xanthine leaves a yel- 
low residue, which assumes a reddish yellow color on contact with potas- 
sium hydrate solution, and this when heated turns violet-red. 
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Hypoxanthine — Saroine — C,H,N,0, 



I found to exist i 
, suprarenal capsule 



was discovered in Lhe spleen; it has also 

muscular tissue of mammals, in the thymi 

hrain; in the human liver in acute yellow atrophy; and in the blood and 

urine, accompanied by xanthine, in leucocythicmia; and probaby in small 

i|uantity in healthy blood; and in the marrow of bones. 

It is best obtained from the mother-hquor of the preparation of oroa- 
line {g. v.) ; this is diluted with water, rendered alkaline with aminonlum 
hvdrate, and treated with silver nitrate in ammunical solution; the pre- 
cipitate is washed with dilute ammonia by dccantation, collected on a filter, 
And extracted with boiling nitric acid; sp, gr, 1.1; the nitric acid solution, 
(in cooling, deposits a compound of silver nitrate and hypoxanthine; this is 
su»pended in water, decomposed by hydrogen sulphide; the filtered solu- 
tion on concentration deposits crystals of nypoxanthine nitrate. 

Free hypoxanthine, obtained from the nitrate by decomposition with 
ammonium hydrate, forms nodular masses, never crystals; soluble in 
three hundred parts cold and seventy-eii^ht parts boiling water, sparingly 
soluble in alcohol, readily in dilute acids and alkalies, with which and 
with metalhc salts it fonns compounds. It may be obtained from uric 
acid or xanthine by the action of sodium amalgam, and when oxidized 
with nitric acid it yields xanthine. The close relationship of these bodies 
is ahown by the formulie: 

Uric acid C.H.X.O, 

Xanthine C.H.N.O, 

Hypoxanthine C.H.N.O 



The flesh of the ox contains 0.023 per cent, of hypoxanthine; that of 
the rabbit CO'^iG per cent.; leucocythsmic blood 0.0075 per cent. 
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Camlne, C,II.\.0, + H.O, 

has been obtained from I.iebig's meat extract. It forms chalky, micro- 
scopic crystals; sparingly soluble in cold, readily in warm water; insolubl* 
in alcohol and ether. Forms compounds with acids and alkalies siiD' 
to those of hypoxanthins. 
18 
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COOH 

Oarbamio Aoid, I , 

has not been isolated, and is only known in combination as its ammonium 
salt and in its ethers; the latter are known under the ganeric name of 
urethanes. Its ammonium salt exists in sesquicarbonate of ammonium 
{q, v.)y and has been said to exist in blood-serum (see p. 256). 

The remaining acids of this series, beinff monobasic, each forms a 
single amide. None of these amides are of o^er than theoretic interest. 



Amides of the Add SerieSi C»H,«^0«. 

CO-NH, 

Qxamide, | , was one of the first of this class of substanoet 

CO-NH, 
obtained. It is formed by depriving ammonium oxalate of the elements 
of two molecules of water, or by the action of ammonia upon ethyl oxa- 
late. 

It forms a light, white, crystalline powder; odorless, tasteless, and 
neutral; almost insoluble in cold water, sparingly soluble in warm water. 
It is decomposed by sulphuric acid into the two oxides of carbon and 
ammonium sulphate; by phosphoric anhydride into water and cyanogen; 
by mercuric oxide into urea and carbon dioxide; and by acids and luka- 
lies into oxalic acid and ammonia. 

Corresponding to it there exist a number of substances constituted by 
the substitution of alcoholic radicals for the remaining hydrogen atoms, 
and consequently comparable to the ureids. 

CO-NH, 

Oxainio aold, I , is formed by the dry distillation of ammo- 

CO,OH 
nium oxalate at 220^ — 230^ It appears as a fine, colorless powder; spar- 
ingly soluble in water and alcohol; insoluble in ether; fusible at 173^. 

The remaining acids of this series are capable of forming compounds 
similar to tlie above, none of which, however, require further jiotice. 



TRIATOMIC ALCX)HOLS. 

There is as yet only one alcohol known containing a trivalent radicaL 
This is glycerin^ whose relation to the monoatomic and diatomic alcohols 
is shown by the following formulae: 

Olyoerln. 

CH,OH 
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Propyl glycol. 
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Glyoerin, CII,(On)„ 

was first obtained aa a secondary product in the manufacture of li 

plaster; it is now produced as a. by-product in the manufacture of aoi 

and ot stearin candles. It exists free in palm-oil and in other vegetablo 
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current of superheated sieain — is tree from the 
Dated the products of the older processes. 
present is water, which may be recogi 
the mixture. 

Glycerin is a colorless, odorless, syrupy liquid; has a sweetish taste; 
Bp. gr. 1.26 at 15°. Although it cannot usually be caused to crystallize 
by the application of the most intense cold, it docs so sometimes under 
imperfectly understood conditions, forming small white needles of Gp. gr. 
1.368, and fusible between 7° and 8°; it is soluble in all proportions in 
water and alcohol, insoluble in ether and in chloroform. Ihe specific 
gn.vity of mixtures of glycerin and water are: 
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Glycerin is a solvent of a great number of mineral and organic s 
stances; 100 parts of glycerin dissolve: 



Sodlnm oarbenate. . 



Urea 

Potusinm 
Bodiam sn^iiBte . 



Ziaa ioaide 40.0;OiiL]ic; b< 



, 08.OlAinnioniDni chloride 

, OO.OlRodiuin chloride 

, RO.O Ammousacid S'l.O 

, SO.o'ArKnicBold 20.0 

. SO.O'AmmonliimoBrbODate. 20.0 
SO.olLeii'i 

hino chloride 

, lU.O 



ZiDO snlphate 

Atcopiae sulphate . 

Potasiiam cjMlide 

Cnprio salphate . . 
Meronrie cyanide , . . 
Potaaiium bromido . 



40.0 Barium chloride. . 

3S.0 Boric said 

33, Benzoic acid 

SZOCalolamlpbiae... 

, 80.0lPots»!>iiim jnlphido. .. 10.0 
. 27.nlSodiam bicnrbonate .. 8.0 

. Z.'i.OlMercoricohloride 7.fl 

Ferrous sulphate Sa.UlCiDOhODine sulphate . . 0.7 

eta7ohnine sulphate . . S2.G{Tartarematio 0.6 



Str7chmne silrate. 
Patassium chlorate 

AtlupiDo 

Quinine snlphate , . 
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Iodine 

Veratiiae 

g> 
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Cinohonina .... 

Hsrouria Iodide 

Stijchnlus 
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The following substances are soluble in glycerin in all proportioofl : 



Bromine. 
Ferrona iodide. 
AntimoDj trichloride. 
Ferric chloride. 
Sodiam hypochlorite. 
Potaasiam Ik jpochlorite. 
Balpharic acid. 



Nitric acid. 
Hydrochloric acid. 
Phosphoric acid. 
Acetic acid. 
Tartaric acid. 
Citric acid. 
Lactic acid. 



Ammoniab 
Potaaaiam hydzata. 
Sodiam hydzate. 
Codeine. 
Silrer nitrate. 
Meioozoaa nitrate. 



When glycerin is heated, a portion distils unaltered between 275^ — 
i*80°; the greater part, however, is decomposed, giWng off acrolein, acetic 
acid, carbon dioxide, and combustible gases. It may be distilled without 
decomposition in a current of superheated steam, the temperature being 
maintained between 288° — 315°. 

Platinum black oxidizes glycerin with the production, finally, of water 
and carbon dioxide; oxidized by manganese dioxide and sulphuric acid, 
it yields carbon dioxide and formic acid. The action of nitric acid on 
glycerin varies with the conditions; if a layer of glycerin, diluted with 
water, is floated on nitric acid of sp. gr. 1.5, glyceric acid is formed; by 
the action of a mixture of concentrated nitric and sulphuric acids on 
glycerin, nitro-glycerin {q. v.) is formed. 

When heated with an alkaline hydrate, it forms a mixture of potas- 
sium formiate and acetate. Phosphoric anhydride removes from it the 
elements of water, to form acrolein (q, ^^); the same change is produced 
when glycerin is heated with sulphuric acid or with potassium hydro- 
sulphate. When heated with oxalic acid, it is decomposed into carbon 
dioxide and formic acid. 

Uses. — Glycerin is very extensively used in the arts and in medicine. 
Being unctuous to the touch, and neither volatile nor prone to become 
gummy, it is used to protect substances from contact with air; its non- 
volatility and power of attracting moisture from the air renders it invalu- 
able for maintaining the moisture of certain bodies, as modeller's clay, dye- 
stuffs, etc. It is also largely used in weaving, dyeing, calico-printing, 
printing; to prevent mouldiness in various substances; as a solvent; in 
the manufacture of nitro-glycerin, dynamite, etc. 

Its neutrality, unctuousness, and non-volatility render it applicable to 
many pharmaceutical uses. As a solvent, in the preparation of glyceroU^j 
and of semi-solid cerates, glyceratea; for the prevention of mould in solu- 
tions of morphia, etc., etc. 

The glycerin used for medicinal purposes should respond to the fol- 
lowing tests: 1st, its specific gravity should not vary much from that 
given above; 2d, it should not rotate polarized light; 3d, it should not 
turn brown when heated with sodium hydrate; 4th, it should not be col- 
ored by hydrogen sulphide; 5th, when dissolved in its own weight of 
alcohol containing one per cent, of sulphuric acid, the solution should be 
(tlear; Cth, when mixed with an equal volume of sulphuric acid of sp. 
gr. 1.83, it should form a limpid, brownish mixture, but should not give 
off gas. 



MaUo Aold, C,H,0.. 

This acid is the only one of those derivable from the glycerin series 
which is of medical importance. It exists in the vegetable kingdom, 
either free or in combination with potassium, sodium, calcium, magnesiam, 
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or orf^anio bases; priiioipally in fruits auch as apples, cherries, Qtc; nu- 
coiDpBiiied by citrates and tartrates. 

It may be obtained from the unripe berries of the moiintaiii ash. The 
expressed juiue is heated and calcium carbonate added as long as there is 
effervescence; the liquid is allowed to cool, filtered, plumbic nitrate adde J, 
&nd set aside until the plumbic nitrate crystallizes. The crystals arc 
■lightly washed with cold water, dissolved, the solution decomposed with 
hydrogen sulphide, filtered, and the filtrate evaporated over the water- 
batb. 

The aaid obtained by this process crystallizes in brilliant, prismatic 
needles: odorless; having a strongly acid taste; fusible at 100°; lose 
water at 140°; deliquescent, very soluble in water and in alcohol. Its 
aqueous solutionis iievogyrous: ["][>= — 5°. When heated to 175" — 180° 
malic acid is decomposed into water and maieicacid. 

There exists another modification of malic acid, formed by the action 
of nitrous acid upon axparlic acid, which differs from this in being optl- 
O&lly inactive, in its fusing-point, 133°, and in l!ie properties of its salts. 
COOH 
I 



As indicated by the formula of constitution 



triAtomic and dibasic. 

The malates when taken into the economy, i 



CHOII 

1 .. . 



malic aoid is 



e oxidized to carbon ales. 



ETHERS OF GLYCERIN. 

Glyceridgs. 

Being a triatomic alcohol, glycerin contains three groups OH, the hy« 
drogen of each of which may be replaced by an acid radical; or, more 
properly speaking, one, two, or three of these oxhydryl groups may bo re- 
moved, leaving a univalent, divalent, or trivalent remainder, which may 
replace the hydrogen of one, two, or three molecules of a monobasic acid 
to form three series of ethers: 



on.oii CII,-0-C,H,0 

CHOH CHOn 

CH,OH CH.OH 

aircnfn. UuiaiwUii. 



CH ~0-O.H.O 



TH.- 

1 



0-O.H,0 



CII-O-C,H,0 On - 0-t'-,H,O 

CH.OII cn,-o-c,H.o 



Of the many substances of this class, only a few, principally those en- 
terin;; into the composition of the neutral fats, require consideration here. 

Tributyrin, 0,H, {0,C.H,0),— exists in butter. Itmay also be ob- 
tained by heating glycerin with butyric and sulphuric acids. It ta a 
liquid, having a pun$;ent odor and taste; is exceedingly prone to deoom- 
poailion, with liberation of butyric acid. 

I 
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Trivalerin, C,H, (0,C.H,0) — exists in the oil of soma nuritiine 
mJ.mmiilia, and is identical with the p/tocenine of Chevreul. 

TriQaproin,C,H.(0,C.I{„0),--TrioapTyllii, C,H, (O.C.H 0),.and 
Trlcapiio, C.H. (0,C,.ll„O),— exist in small quantities in milk, butter 
and '■ocon-bntter. 

Tripalmitin, C JI. (O.C,.H„0),— exists in most animal and vegetable 
fats, notably in palm-otl y h may also be obtained by heating gtyc«riii 



with eight to ten times its weight of palmitic acid for eight hoi 

It forms crystalline plates, very sparingly soluble in alcohol, even wnen 

boiling; very soluble ia ether. It fuses at 50° and solidifies again at 



Trimargarin, C,H. (0,C„H„0), — has probably been obtained arti- 
ficially as a crystalline solid, fusible at 60°, solidi<iabIe at 53°. The sub- 
stance formerly described under this name as a constituent of animal fats 
is a mixture of tripalmitin and tristearin. 

Tristearln, C,U, {0,C\,H„0),— is the most abundant constituent 
of the solid fatty substances. It is prepared in large quantities as an 
industrial product in the maniifactare of stearin candles, etc., but is ob- 
tained in a state of purity only with great difficulty. 

In as pure a form as readily obtainable, it forms a hard, brittle, crystal- 
line mass ; fusible at 08°, solidifiable at Cl°; soluble in boiling alcohol, al- 
most insoluble in cold alcohol, readily soluble in ether. 

Triolein, C.H^ (0,C\,H„0),— exists in varying quantity in all fata, 
and is the predominant constituent of those which are liquid at ordinarr 
temperatures, it may be obtained from animal fats by boiling with alcohol, 
filtering the solution, decanting after twenty-four hours' standing; frees- J 
ing at 0°, and expressing, I 

It is a colorless, odorless, tasteless oil ; soluble in alcohol and etheT) m 
insoluble in water; sp. gr, 0.92. ' 

Trinitro-glyoerin — nitro-glycerin ~ C.H, (ONO,),. — This sub- 
stance, which is used as an explosive, both pure and mixed with other 
substances in dynamite, giant powder, etc., is obtained by the combined 
action of sulphuric and nitric acids upon glycerin. Fuming nitric acid ia 
mixed with twice its weight of sulphuric acid in a cooled earthen vessel; 
thirty-three parts by weight of the mixed acids are placed in a porcelain 
vessel, and five parts of glycerin, of 3L° Beaume, are gradually addnd 
with constant stirring, while the vessel is kept well cooled ; after fira 
minutes the whole is thrown into five to six volumes of cold water; the 
nitro-glycerin separates as a heavy oil which is washed with cold water. 

Nitro-glycerin is an odorless, yellowish oil ; has a sweetish taste; sp. 
gr. l.C; insoluble in water, soluble in alcohol and ether; not volatile K 
crystallizes in prismatic needles when kept for some tine at 0"; fusa 
again at 8°. 

When pure nitro-glycerin is exposed to the air at 30° for sotr 
it decamposes without explosion and with production of glyce 
oxalic acids. When heated to 100° it volatilizes without decomposition f^ 
at 185° it boils, giving off nitrous fumes; at 217° it explodes violently; Hi 
quickly heated to 257°, it assumes the spheroidal form and volatilizes with-] 
out explosion. Upon the approach of flame at low temperatures it ig^l 
nites and burns with slight decrepitations. When subjected to suddenS 
shock, it is suddenly decomposed into carbon dioxide, nitrogen, vapor osl 
vater and oxygen, the decomposition being attended with a violent e~ 
plosion. 

In order to render this explosive less dangerous to handle, it is noi 
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NEUTRAL OILS AND FATS. 

These are mixtures in varying proportions of tripalmitin, tristaarin, 
and trioieiii, with small quantities of other glycerides, coloring and odor- 
ous principles, which are obtained from animal and vegetable bodies. 
The oils are fluid at ordinary temperatures, the solid glvceridea being in 
solution in an excess of the liquid triolein. The fats, owing to a less pro- 
portion of the liquid glycunde, are solid or seoii-Holid at the ordinary tem- 
perature of the air; members of both olasscs are fluid at sufficiently high 
temperatures, and solidify when exposed to a sufficiently low temperature. 
They are, when pure, nearly tasteless and odorless, unctuous to the touch, 
insoluble in and not niisoible with water, upon which they float; combus- 
tible, burning with a luminous flame; wheti rubbed upon paper they ren- 
der it tratislucent. When heated with the caustic alkalies or in a current 
of superheated steam, they arc sapnnifi-ed, i. e., decomposed into glycerin 
and a fatiy acid. If the saponification be produced by an alkali, the 
fatty acid combines with the allcaliiio jnctal to form a soap (>/, I'.). 

Most of the fats and many of the oils, when exposed to the air, absorb 
oxygen, are decomposed witn liberation of volatile, fatty acids, and ac- 
quire an acid taste and odor, and an acid reaction. A fat which has 
undergone these changes is said to have become rancid. Many of the 
vegetable oils are, however, not prone to this decomposition. Some of 
them, by oxidation on contact with the air, become tnick, hard and dry, 
forming a kind of %'arnish over surfaces upon wliich they are spread; 
these are designated as drying or siccative oils. Others, although they 
become more dense on exposure to air, become neither dry nor gummy; 
these are known as non-drying, greasy, or lubricating oils. 

Under ordinary conditions, oils and melted fata do not mix with 
water, and, if shaken with that fluid, form a temporari/ milky mixture, 
which, on standing for a short time, separates into two distinct layers, 
the oil floating on the water. In the presence, however, of small quanti- 
ties of certain substances, such as albumen, pancreatin ((/. v.), ptyalin. 
eto., the milky mixture obtained by shaking together oil and water does 
not separate into distinct layers on standing; such a mixture, in which 
the fat is held in n jtermaneiit state of suspension in small globules in a 
watery fluid, is sailed an etnuleion. 
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nbt&ined by dUtiilstion, wliile tlie fixed oils are obtBioed by exprusioo, 
with or without the aid of a moderate beat. The fi&ed oils form two olaue*, 
\haffrea»y and drying oils (see abore). 

In testing- tho purity of the oils, advantage is taken of the specific 
gravity, point of congelation, and of the action of reagents; 1st, gulpkuric 
acid — about twenty drops of the oil are placed on a watch-glass over a 
white surface, and a drop of concentrated sulphuric acid is added; after- 
ward the whole is stirred with a glass rod; the changes of color observed 
with <he principal oils before and after stirring vary with the different 
oils, 2d, 7*o?i(ei'« reagent, made by dissolving six parts of mercury in 
7.5 parts of nitrio acid of SO" in the cold. One part of this reagent ia 
well shaken with twelve parts of the oil, and tbe miiLture set aside for 
twelve hours; the |^reasy oils are completely solidified, while the drying 
oils remain iluid. 3iX, Ilauc/iecome's reaffent — three parts of nitric acid. 
of 40°, diluted with one part of distilled water; one gram of th^ 
is mixed with three grams of the oil and shaken in a test-tube. 

J\ilm-oil is the product of a species of palm growing on the Guines 
coast, in the West Indies, and South America. It is a reddish ydlow 
solid at ordinary temperatures, has a bland taste and an aromatic odot. 
It saponifies readily, and is used in the manufacture of palm~3oap. It is 
usually acid, and contains free glycerin from spontaneous decomposition. 

Rape-seed uil and coha-oil are produced from the seeds of variouB 
species of Jiratstca; yellow, limpid oils, having a strong odor and a 
disagreeable taste. They are used for burning in lamps and for the 
manufacture of soft-soaps. 

Croton-oil — Oleum tiglii (U, S.) — Oleum croConia (Br.) — is one of th« 
few fixed oils possessed of distinct medicinal properties. It varies much 
in color and activity, according to its source; that which is obtained from 
the East is yellowish, liquid, transparent, and much less active than that 
prepared in Europe from the imported seeds, which is darker, less fluids, 
caustic in taste, and wholly soluble in absolute alcohol. Croton-oil coii>< 
tains, besides the glycerides of oleic, crotonic and fatty acids, about four 
per cent, of a peculiar principle called by Schlippe crolonol, to which the 
oil owes its vesicating properties; it also contains an alkaloid-like sub- 
stance, also existing in castor-oil, called ricinine. None of these bodies, 
however, are possessed of the drastic powers of the oil itself. 

Peanvt-oil — Grovnd-nut oil — an almost colorless oil, very much 
sembling olive-oil, in place of which it is frequently used for culinary pur- 
poses, intentionally or otherwise. It is readily saponi&able, yielding ti 
peculiar acids, arachaic and hypoga'ic (see Olive-oil). 

Cocoanut-oU or butter, not to be confounded with cocoa-butter, is at-! 
ordinaiT temperatures a white solid resembling lard; fuses at about 20% 
and solidifies at about 10°; it has a pleasant odor and a bland taste. It.> 
is readily sapouifiable, yielding a hard sodium soap. It easily becomwi 
rancid. It is said to contain an acid, called cootnic, or cocoatearic. 

Almond-oil — Oleum amy ffdalcedulcia(\J. S.) — Oleum amygdalcB {^i 
— a light yellow oil, very soluble in ether, soluble in twenty-four parts oi 
alcohol; nearly inodorous; has a bland, sweetish taste. It is largely used 
in pharmacy, in the preparation o£ ointments, and in the arts in soap 
manufacture. The pure oil has no odor of bitter almonds; is completely 
solidified by Pontet's reagent; is colored peach-red, but not green, by* 
mixture of nitric and sulphuric acids; produces no coloration when its 
ethereal solution is shaken with a concentrated alcoholic solution of ailvec 
nitrate, and the mixture set aside iii the dark for twelve hours. 
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Oliof-oii — Oleum oliv<E (U. S,, Br.) — a well-known oil of a yellow or 
greenish yellow color, almost ojorless, and of a bland and Bweetish taste, 
The liiiest grades have a yellow tingo and a faint taste of the fruit; thoy 
are prepared by cold pressure; they are less subject to rancidity than the 
lower grades. Olive-oii is very frequently adulterated, chiefly with poppy- 
oil, seaainc-oil and peanut-oil; the presence of the first is detecied by 
Pontet's reagent, which converts pure olive-oil into a solid mass, while ua 
oil adulterated with a drying oil remains s«mi-solid. A contaminatiou 
with oil of sesame is indicated by the production of a green tiolor, with a 
mixture of nitric and sulphuric acids. Peanut-oil, an exceedingly common 
adulterant in this country, is recognized by the point of congelation, or 
more delicately by the following method: ten grams of the oil are 
Baponified; the soap is decomposed with hydrochloric acid; the liberated 
fattjr acids dissolved iu 50 c.o. of strong alcohol; the Holutlon precipitated 
with lead acetate; the precipitate washed with ether; tiie residue decom- 
posed with hoi dilute hydrochloric acid; the oily layer separated and 
extracted with strong alcohol; the alcoholic fluid, on evaporation, yields 
crystals of arachaic acid, if the oil contains peanut-oiL 

Cotton-seed oil is also added to olive-oil in this country ; its presence 
ia detected, like that of other drying oils, by the formation of a pasty 
magma in place of a solid mass when the oil is subjected to the action of 
Poulet'a reagent. 

Cocoa-butter — Oleum theobromm (U. S., Br.) — is at ordinary tempera- 
tures a whitish or yellowish solid of the consistency of tallow, and hav- 
ing an odor of chouolate and a pleasant taste; it does nut easily become 
rancid. The most reliable test of its purity is its fustng-point, which 
abould not be much below +33°. 

Lin»eeJ-oil — jFlaxseed-oU — Oteum Uni (U. S., Br.) — is prepared on a 
large scale as an industrial product, and is largely used by painters. Its 
drying qualities are increased by charging it with lead oxide, by boiling 
with litharge {boiled oil). The raw oil has a disagreeable odor and ft 
nauseous taste, is dark yellowish brown in color, and readily soluble in 
ether and hot alcohol. In this oil oleic acid is, at least partially, replaced 
' V another fluid acid, linoleic acid, which, when exposed to the air, gradu- 
\y absorbs oxygen and becomes thick and finally solid. 
Citntor-oit— Oleum ricini (U.S., Br.) — is usually obtained by expres- 
sion of the seeds, although in some countries it is prepared by decoction 
or by extraction with alcohol. It is a thick, viscid, yellowish oil, has a faint 
odor and a nauseous taste. It is more soluble in alcohol than any other 
fixed vegetable oil, and is also very soluble in ether. It saponifies very 
readily. Ammonia separates from it a crystalline solid, fusible at 66° — 
ricinolamide. Hot nitric acid attacks it energetically, and finally converts 
it into mberie acid. 



Animal OUb. 

The principal oils of animal origin used in the arts and in medicine are 
the following: 

Whak-iiil— 7J-a(«-o(V— obtained by Irying out the tat or blubber of the 
" right whale " and of other species of biilmice. It is of sp. gr. 0.'J24; « " 
15°; brownish in color; becomes solid at about 0°; has a very nauseous tast 
and odor; it may be deodorized to a certain extent by passing through i 
• OurriMit of steaiu iieated to 100*. It istwlured yellow by sulphui' 
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acid; with Pontet'a reagent it forms a yeli< 
brown; chlorine blackens it immediately. 

t^pernt'Oil is obtained, along with spermaceti, from tlio cranial cavities 
of the cachalot or sperm-whale. It is a clear, transparent, orange-yellow 
oil; sp. gr. 0.884 at 15°; at — 8° it deposits crystals of a. solid fat. It 
saponifies with difficulty, and is solidified by Pontet's reagent. 

Porpou€-oil; a pale yellow, neutral oil; sp. gr. 0.937 at 10°; solidifies 
«t -15°. 

Dolphin-oil; a pale yellow, neutral oil; sp. pr. 0.918 at 20°; when 
cooled it deposits crystals at -f-5° and again at —3°. 

Seal-oil; a dark brown, viscid oil, having a disgusting odor; sp. gr. 
0.9317 St 11°. 

l^hark-oU; a pale yellow, stinking oil of sp. gr. 0.870 at 15", 

These oils are used in the inanufaoture of soft soaps, for ill UD)i nation, 
and in dressing leather. 

A'eat'n-foot oil — Oleiim Mniluin (U.S.) — ia obtained by the action of 
boiling water upon the feet of neat cattle, horses, and sheep, deprived of 
the flesh and hoofs. It is stritw yellow or reddish yellow, odorless, not 
disagreeable in taste, not prone to rancidity, does not solidify at quit« 
low temperatures; sp. gr. at 15°, 0.91(1. It is bleached, not colored, hj 
chlorine; in which it differs from fish- and whale-oils. It is used as a lubn- 
cant and in pharmacy. 

Lard-oil, obtained in large quantities in the United States ks a bv' 
producl in the manufacture of candles, etc., from pigs' fat. A lignf 
yellow oil, used principally as a lubricant; it is not colored by sulphuria 
acid, but is colored brown by a mixture of sulphuric and nitric acida. 

Tallow-oil — obtained bv expression with a gentle hest from the fat of 
the ox and sheep. Sp. gr.* 0.9003; light yellow in color. Colored brown 
by sulphuric acid. Formerly this oil, under the trade-name of "oleic 
acid," was simply a by-product in the manufacture of stearine candles; 
of late years, however, it JB specially prepared for the manufacture of 
oleo- margarine. 

Cod-liveroil — Oleum tnorrhute (U. S.,Br.} — is obtained principally 
Norway and Newfoundland, from the livers of codfish, either by e 
traction with water heated to about 80°, or by hanging the livers in U» 
sun and collecting the oil which drips from them. There are throe com- 
mercial varieties of this oil: a. Urmon, — Dark brown, with greenish reflec- 
tions; sp.gr. 0.IJ38 at 15°; has a disagreeable, irritating taste; faintly &oid; 
does not solidify at — 13°, b. Pale brown. — Of the color of Malaga wine; 
sp. gr. 0.924; has a peculiar odor and a fishy, irritating taste; strongly 
acid. c. Pale. — Golden yellow; sp. gr. 0.928 at 15°; deposits a white fat 
at —13°; has a fresh odor, slightly fishy, and a not unpleasant taste, with- 
out after-taste. 

Pure cod-liver oil, with a drop of sulphuric acid, gives a bluish violet 
aureole, which gradually changes to crimson, and later to brown. A drop 
of fuming nitric acid dropped into the oil is surrounded by a pink aureole 
if the oil be pure; if largely adulterated with other fisli-oils, the pinle 
color is not observed and the oil becomes slightly cloudy. Fresh ood- 
llver oil is not colored by rosaiiiline. If a third of the oil is distilled, th« 
distillate becomes solid; while if it be contaminated with vegetable oils, 
the distillate becomes liquid. 

Cod-liver oil contains, besides the glycerides of oleic, palmitic and 
stearic acids, those of butvric and acetic acids, certain biliary prinoiptes 
(to whose preseuce the sulphurio acid reaction given above is probably 
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SOLID ANIMAL FAT3. 
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SOLID AinMAL FATS. 

Condition in the body. — The glyceridca of stearic, palmitic and oleic 
acids exist, in health, iu all, or nearly all, parts of the body ; in the Huida 
in solution or in suspension, in the form of minute oil-globules; incorpo- 
rated in the solid or semi-solid tissues, or deposited in collections in cer- 
tain locations, as under the skin, inclosed in cells of connective tissue, in 
which the mixture of the three glycerides is in such proportion that the 
contents of the cells are Huid at the temperature of the body. 

The total amount of fat in the body of a healthy adult is from 2.5 to 
S per cent, of the body-weight, although it may vary considerably from 
that proportion in conditious not, strictly spealcing, pathological. The 
approximate cjuantities of fat in 100 ports of the various tisanes and fluids, 
inbealtb, are the following: 



Urine r IBlood... 

Perapiration.,,.,,,,, O.OOI.CaTtibge. 

Tltireoiu humor U.OOT" 

Saliva 0.02 

Ljinph O.OB 

SrnoTiol fluid 0.06 

Amolotloflnld 0.3 

Chyle 0.8 

Hoaoa 0,4 



0,4'Cort«xof brain. 5.S 

.,,. l.OlBrain 8.0 

I.4HeQ'aeffK 11.6 

.... 1.4jWtiite roatterof brain.. 30.0 

Ctyatalliue leua. 2.0|Nerve-tiiiaue. 28.1 

Liver S.4:SpJaaloord 23,0 

Uiucle 3.3Pat-tinae 83.7 

Hiiir. 4.aMurrow UO.O 

Uilk 4.3 



The amount of fat in the body, under normal conditions, is usually 
greater in women and children than in men; generally greater in middle 
ihau in old age, although in some individuals the reverse is the case; 
greater in the inhabitants of cold climates than in those of hot countries. 

In wasting from disease and from starvation the fats are rapidly ab- 
sorbed, and are again as rapidly deposited when the normal condition of 
affairs is restored. 

Besides as a result of the tendency to oorpulenoe, which in some in* 
dividuals amounta to a pathological condition, fats may accumulate in 
certain tissues as a result of morbid changes. This accumulation may be 
due either to degeneration or to infiltration. In the former case, as when 
muscular tissue degenerates in consequence of long disuse, the natural 
tissue disappears and is replaced by fat; in tho latter case, as in fatly in- 
filtration of the heart, oil-globules are deposited between the natural 
morphological elements, whose change, however, may subsequently take 
place by true fatty degeneration duo to pressure. Fatty degeneration 
of the \\\t>r and of other organs occurs also in phthisis, chronic heart and 
lung aHoctions, as a result of overfeeding, from the abuse of alcoholic 
stimulants, and from the action of certain poisons, especially of phos- 
phorus. Tumors composed of adipose tissue occur and are known as 
" liponiata." 
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The greater part of the fat of the body enters it as such with the food; 
not unimportant quantities are, however, formed in the body, and that 
from the albuminoid as well as from the starchy and saccharine constitu- 
ents of the food. By what steps this transformation takes place is still 
uncertain, although there is abundant evidence that it does occur. 

Those fats taken in with the food are unaltered by the digestive fluids, 
except in that they are freed from their enclosing membranes in the 
stomach, until they reach the duodenum; here, under the influence of the 
pancreatic juice, the major part is converted into a fine emulsion, in which 
form it is absorbed by the lacteals. A smaller portion is saponified, and 
the products of the saponification, free fatty acids, soaps, and glycerin, 
subsequently absorbed by lacteals and blood-vessels. 

The service of the fats in the economy isundoubtedly as a producer of 
heat and force by its oxidation; and by its low power of conducting heat, 
and the position in which it is deposited under the skin, as a retainer of 
heat produced in the body. The fats are not discharged from the system 
in health, except the excess contained in the food over that which the 
absorbents are capable of taking up, which passes out with the faeces, a 
small quantity distributed over the surface in the perspiration and seba- 
ceous secretion (which can hardly be said to be eliminated) and a mere 
trace in the urine. 

Animal Fats used in the Arts and in Pharnxaoy. — The prin- 
cipal of these are lardy tallow^ and butter. 

Lard — Adeps (U. S.) — is the fat of the hog freed from connective tis- 
sue. It is white, almost odorless, almost tasteless, soft; fusible at 38°; 
readily saponifiable by alkalies; not prone to rancidity. if properly prepared. 

IhlloWy the purified fat of the ox or sheep; is rather harder than lard; 
white, tasteless, and odorless when pure; fuses at about 44^; and solid- 
ifies at about 3?°. 

JButter, the fat of milk, separated and made to agglomerate by agita- 
tion, and more or less salted to insure its keeping. It consists of the 
glycerides of stearic, palmitic, oleic, butyric, capric, caprylic, and caproic 
acids, with a small amount of coloring matter, more or less water and salt 
and casein. Good, natural butter contains eighty to ninety per cent, of 
fat, six to ten per cent, of water, two to five per cent, of curd, and two to 
five per cent, of salt; fuses at from 32.8° to 34.9°. 

Butter is very liable to adulterations, the chief adulterants being ex- 
cess of water and salt, starch, animal fats other than those of butter, 
artificial coloring matters. 

Excess of salt and water are usually worked in together, the former 
up to fourteen per cent, and tiie latter to fifteen per cent. To determine 
the presence of an excess of water, about four grams of the butter, taken 
from the middle of the lump, are weighed in a porcelain capsule, in which 
it is heated over the water-hath, as long as it loses weight; it is then 
weighed again; the loss of weight is that of the quantity of water in the 
original weight of butter, less that of the capsule. The proportion of salt 
is determined by incinerating a weighed quantity of butter and determin- 
mining the chlorine in the ash by the nitrate of silver method (see Sodium 
Chloride). Roughly, the weight of the ash may be taken as salt. Starch 
is detected by spreading out a thin layer of the butter, adding solution of 
iodine, and examining under the microscope for purple spots. 

To determine the presence of foreign fats, the best method is that of 
Angell and Hehner. A pear-shaped bulb is made by blowing a small 
globe in the end of a piece of glass tubing of one-fourth inch diameter 
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and (Jrawing off a tapering neck verynearthe bulb, the diameterof which 
should be about one-half inch ; enough mercury is then placed in the bulb 
to make the whole weigh 3.4 grams, and the open end closed by fusion. 
To use this little apparatus, twenty to thirty grams of tiie butter to be 
tested are melted in a beaker on the water-bath, and, when quite fluid, 
jwured into a test-tube three-fourths inch in interna) diameter and six 
mehes long, until the tube is filled to within two inches of the top; the 
tube is then kept warm and upright unti! the fat has separated in a. clear 
layer above the wsler, etc., after which it is solidified by immersion in 
waterat 15°; the surface should only he slightly depressed. The teat- 
tube with the flotidiried butter is suspended in a large beaker of cold 
water; the small bulb is laid upon the surface of the fat, which should be 
one and one-half inch below the surface of the water in the beaker, and 
a thermometer is suspended near the test-tube. The water is now heated 
until the globular part of the bulb has just sunk below the surface of the 
fat, at which point the standing of the thermometer is read off; this is the 
" sinking-point " of the butler, and should be from 34.3° to 36.3°. Oleo- 
margarine, or buttcrine, has a lower sinking-point, and butter adulterated 
with fats a higher one. 



I Soaps. 

Those compounds, which have been known from time immemnriaij are 
the metallic salts of stearic, palmitic, and oleic acids; those of potassium, 
sodium, and ammonium are soluble in water, while those of other metals 
are insoluble; those of potassium and sodium are also soluble in alcohol 

! and in ether. The sodium soaps are hard, and those of potassium soft. 
Soap is made from almost any oil or fat, the best from olive-oil, or pea* 

I, nut- or palm-oil, and lard. The first step in the prooess of manufacture is 

1. the saponijipolioji of the fat, which consists in the decomposition of the 
glyceric ethers into glycerin and the fatty acids, and the combination of 
the latter with an alkaline metal; it is usually effected by gradually add- 

I ing the fluid fat to a weak boiling solution of caustic soda or potassa to 
saturation. From this weak solution the soap is separated by " salting," 

^ which consists in adding, during constant agitation, a solution of caustic 
alkali, heavily charged with common salt, until the soap separates in 
grumous masses, which float upon the surface and are separated. Finally 

' the soap is pressed to separate adhering water, fused, and cast into 

I moulds. 

The varieties of soaps used in the arts and in medicine are n 

' Yelloto soap is made from tallow or other animal fat, and about c 

third weight of rosin subsequently added. 

White case ile aoap — Olive-oil soap (Sapo, U.S.; 8apo ditrus, Br.), is 
palegrayish white in color, hard, dry, not greasy; strongly alkaline; very 
soluble in alcohol and water; contains twenty-one per cent, of water, 
A marbled variety of the same soap is made by using a soda containing 
ferruginous matter and agitating the saponified fat at the proper time; it is 

. harder than the white variety, and contains less water — fourteen per cent. 
A soft or potash soap is also made from olive-oil, and, like other soft 

i soaps, contains an excess of alkali and glyaerin; it is the Siipo moUis 

I (I'. S.}. Olive-oil soaps are usuallv imported from France and Spain. 

L Almond-oil soup 'm the ofEcinal soap of the French Codex, i 

I^J|^ glycerin and an excess of alkali. 



Emplaetrum pluntbi (U. S., Br.) is simply a lead-soap, pre 
laponifying olive-oil, or a inixiure ot oHve-oil and lard with litharge. 

LinimeHtum caicU (U, S., Br.) is a mixture of caloium soap with olir«- 
}r flaxseed-oil ia excess. 

Ail the soaps are decomposed by even weak acids, with liberation of 
;he fatty acids; by compounds of the alkaline earths, with formation of 
in insoluble soap; and in the same way by most of the metallic salts. 



Pbosphorized Fats. I 

ZecUhing. — That brain-tissue contains phosphorus waa known as 
early as 1779, and that this phosphoruaexists in combination in a fat- like 
material was determined in the early part of the present century. In 
1851 Gobley described a fatty material which he obtained from the yolki 
of e;3:gs, and which he called lecithin; later, in 1SC5, Liebreich described 
a substance also containing phosphorus, which he obtained from brain- 
tissue, and which he designated &s protoffon, 

.Most later authors have considered protogon as being a mixture of 
lecithin and another substance called cerebrin, although Gamgee ad- 
vances strong grounds for its admission as a distinct substance. The 
study of the constituents of brain- and nerve- tissue is one surrounded 
great difficulties, and has led as yet to but few results suQictently well 
tabliahed for adoption in a work of this nature. 

That lecithin, however, or rather a number of lecithins, exist in b: 
tissue, ia the yolks of hens' eggs, in fish-rocs, etc., may be considered 
definitely settled. 

These substances are of very complex constitution; they yield, 
composition, neiirine (see p. 206), stearic, palmitic, or oleic acid, and 
peculiar acid, called from its composition, glycerophosphoria acid. They 
are, therefor, glycerophoaphoric acid in which the remaining hydrogens of 
the glycerin are replaced by radicals of fatty acids, and the remaining 
oxhydryls of the phosphoric acid by oeurine: 
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ber ^H 



CH, -OH 
CH-OH 



L. 



OPO/OH 



CH,-0 (C„H„0)" 
CH-0 (C„H„0)' 



The lecithins are 
fectiy crystalline, st 
which they swell like sta 
of raetapnosphoric acid a 
--''- "8 platmic chloride, 



yielding the products mentioned above. 



yellowish white, waxy, hygroscopic solids, Jmpep^ 
uble in ether and alcohol, insoluble in water, i 
starch; when ignited they burn, leaving a residua I 
d carbon. They form compounds with certaia | 
ith acids. They are readily deoomposed^ . | 



THIRD SEIRIES OF HYDROCAItBONS. 

Skbies O.H,..,. 
The terms of this sories at present known are: 



Acetylene. 

Elhene, G^H,— was diacovered by Davy. It exists ns & constituent 
of coal-g;is ; it is formed aa a product of the decomposition, by heat and 
otherwise, of a number of organic substances, notably of hydrocarbons, 
ether, chloroform, etc. It is best prepared by passing a slow current of 
coal-gas through a narrow tube through which induction sparks are pass- 
ing', directing the gas through a solution of cuprous chloride, and collect- 
ing' and decomposing the precipitate with hydrochloric acid. 

A most interesting method of its formation is that by direct synthesis, 
discovered by Berthelot: a slow current of hydrogen is passed through & 
^lasB globe in which are the carbon-points of an electric light; the escap- 
ing gas contains acetylene formed by the direct union of carbon and 
hydrogen. 

Acetylene is a oolorless gas, rather soluble in water; it has a peculiar, 
disagreeable odor, which is observed when a Bunsen burner burns within 
the tube, and when a piece of platinum foil is incandescent in vapor of 
ether; it burns with a white, luminous Rame. 

When mixed with oxygen it explodes violently on the approach of a 
Same, a deposit of carbon being formed if the amount of oxygen be defi- 
cient. It unites with nitrogen under the influence of the electric dis- 
charge, to form hydrocyanic acid. It combines with hydrogen to form 
ethylene. Mixed with chlorine it detonates violently even in dilluse day- 
light, and without the application of heat. It may be tnade to unite 
■with itself to form its superior polymeres: 

C,H, C.II. C.H. C,.H„ 

Aoctjleoa. Benidno. BLjrnilDiic. Ki(>hU)]fdKnc 

Its most characteristic property is that of forming a blood-red precipi- 
tate of cuproso-acetyl oxide when it is passed through an ammoniacal 
solution of cuprous chloride, a reaction by which the presence of traces 
of this gas may be detected; similar compounds are formed with other 
metals. These precipitates, when dried, explode violently when sub- 
jected to shock, and it is probable that explosions which sometimes occur 
without any Apparent cause, in pipes through which illuminating-gas is 
conducted, especially if of brass or copper, are due to their formation. 



niuminating-G-as. 

niuminating-gas is now manufactured by a variety of prooessea, 
almost every gas company using some peculiar modification of the 
method, or of the nature and proportion of the raw materials; thus, we 
twTS gaa made from wood, from ooal, from fats, from petroleum, and by 
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the decomposition of water and subsequent charging of the gas with 
the vapor of naphtha. The typical process is that in which the gas is 
produced by heating cannel or other bituminous coal to bright redness 
in retorts. As it issues from the retorts, the gas is charged with sub- 
stances volatile only at high temperatures; these are deposited in the 
condensers or coolers, and form coal- or gas-tar. From the condensers 
the gas passes through what are known as ^* scrubbers " and ^' lime-puri- 
fiers, in which it is deprived of ammoniacal compounds and other im- 
purities. As it comes from the condensers, coal-gas contains: 



* Acetylene. 

* Ethylene. 

* Marsh-gas. 

* Butylene. 

* Propylene. 

* Benzene. 



* Styrolene. 

* Naphthalene. 

* Acenaphthalene. 

♦ Fluorene. 

♦ Propyl hydride. 

♦ Butyl hydride. 



: : Hydrogen. 
■ ' Carbon monoxide. 
• ' Carbon dioxide. 
• > Ammonia. 

Cyanogen. 

' Snlphocyanogen. 



i Hydrogen sulphide. 
Carbon dlsolphide. 
Sulphnretted hy- 
drocarbons. 
{Nitrogen. 
Aqneoos vapor. 



In passing through the purifiers the gas is freed of the impurities to 
a greater or less extent, and, as usually delivered to consumers, contains: 



* Marsh-gas. 

• Acetylene. 



♦ Ethylene. 

X Hydrogen. | | Aqaeous vapor. 

* VajMrs of hydrocarbona 



I f Nitrogen 
IfAq 



It 



Carbon monoxide. 
Carbon dioxide. 



Allylene, C,H^ — is a colorless gas, very soluble in alcohol, quite 
soluble in water; has a slightly less disagreeable odor than acetylene; 
burns with a smoky flame. It is obtained by a general reaction used for 
the obtaining of hydrocarbons of this series, which consists in heating the 
monobromine compounds of the corresponding hydrocarbon of the ethy- 
lene series with sodium ethyl oxide: 



C,H,Br 

Monobrom- 
dhylene. 



+ C.H.NaO 

Sodinm 
ethyl oxide. 



= NaBr 4- 



Sodinm 
bromide. 



C.H.HO 

AloohoL 



C.H. 

AoetyleiM. 



C.H.Br 

Ifonobrom- 
propylene. 



+ C,H.NaO 

Sodium 
ethyl oxide. 



NaBr + C.H.HO + C.H, 

Sodium AloohoL AUylene. 

broaude. 



It is distinguished from acetylene by forming a gray precipitate with 
mercurous salts, a white one with the silver salts, and a yellow one with 
the cuprous salts. 

Crotonylene, C^H. — obtained by the general method from monobrom- 
butylene. It is liquid below 15°; boils at about 18°; has a powerful and 
somewhat alliaceous odor; burns with a bright, smoky flame. It has also 
been obtained by distilling erythrite {q. v,) with formic acid. • 



* Illnminating constituents. 



f Impurities. 



fDUuent 




ACn)S DSBIVABLX FROM EBTTHBTTB. S89 

TETRATOMIC ALCOHOI^. 



Very few of these compounds have yet been obtained. Tbey may be 
regarded as the hvdrates of the hydrt>carbons C„ H,,_,; as the glycols ara 
tiie hydrates of the ethvlene seriei 

Propylphy^oite, c'^11, (OH) - 
although its existence is not yet u 



Eiytfarlte — phycite— 



CH.OH 
CHOH 



CHOH 
CHOH 



=C.H.(OH>.- 



1 

I 



(lound, wns discovered in 18+8, as a product of decomposition of ery- 
iftriite, C n„0,„ which exists in lichens of the genus rocdla. To obtain 
it the lichens are macerated in water; treated with powdered lime; tha 
•olution filtered after half an hour; the filtrate treated with hydroohlorio 
aoid; the gelatinous precipitate of erythrine is washed, dried, and intro- 
duced into a Papin's digester with a small quantity of slacked lime, and 
heated to 100° for two hours; the liquid is filtered and slowly evaporated; 
ordne separates first and is removed, afterward erythritc, which is pun- 
tied by re cryatal ligation from boiling alcohol. 

Erythrite crystallizes in large, brilliant prisms; very soluble in water 
and in hot alcohol, almost insoluble in ether; it is sweetish in taste; its solu- 
tions neither affect polarised light, nor reduce Fehliug's solution, nor are 
capable of fermentation; it fuses at 120°, and at 300° is partly decom- 
posed, giving off an odor of caramel. Its watery solution, like that of 
sugar, is capable of dissolving a considerable quantity of lime, and from 
this solutiou alcohol precipitates a definite compound of erythrite and 
<ialcium. By oxidation with platinum black it yields erythrofflucic acid, 
( !,U,0,. ^\ ith fuming nitric acid it forma a tetranitro compound, whiah 
explodes under the hammer. 



ACIDS DSRITABLE FROM ERYTHRITR 



Theoretically ervlhrite should, by simple t 
one of the scries C,H„0,, and another of the sf 
both of these acids are known, only the first, erythroijluc 
obtained by oxidation of erythrite: 



:idation, yield two acids; 
■ »('.H..-.0.. Although 
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Taitarlo Aolds. 

Acidum tartaricum (U. S., Br.), C^H.O^ — There exist four acids 
having the composition C^H.O, ; which differ from each other only in 
their physical properties, and are very readily converted one into another; 
they are designated as: Ist, Hight; 2d, Ijeft; 3d, Inactive tartaric acid; 
4th, Racemic acid. Right or Dextrotartaric acid crystallizes in large, 
oblique, rhombic prisms, having hemihedral facettes. Solutions of the 
acid and its salts are dextrogyrous. 

JLeft or Lasvotartaric acid crystallizes in the same form as dextro- 
tartaric acid, only the hemihedral facettes are on the opposite sides, so 
that crystals of the two acids, when held facing each other, appear like the 
reflections one of the other. Its solution and those of its salts are Isevo- 
gyrous to the same degree that corresponding solutions of dextrotartaric 
acid are dextrogyrous. 

Racetnic acid is a compound of the two preceding; it forms crystals 
having no hemihedral facettes, and its solutions are without action on 
polarized light. It is readily separated into its components. 

Inactive tartaric acidy although resembling racemic acid in its crystal- 
line form and inactivity with respect to polarized light, differs essentially 
from that acid in that it cannot be decomposed into right and left acids, 
and in the method of its production. 

The tartaric acid which exists in nature is the dextrotartaric; it 
occurs, both free and in combination, in the sap of the vine and in a great 
number of other vegetable juices and fruits; it has not been detected as a 
constituent of animal bodies. Although this is probably the only tartaric 
acid existing in nature, all four varieties may and do occur in the oom- 
mercial acid, being formed during the process of manufacture. 

Tartaric acid is obtained in the arts from hydropotassio tartrate, or 
cream of tartar (q, r.). This salt is dissolved in water and the solution 
boiled with chalk until its reaction is neutral; calcic and potassic tartrates 
are formed: 

3(C,H,0„nK) + CO.Ca = C,H,O.Ca + C,H,O.K, + H,0 + CO. 

Hydro-poUKsio Calciam Calcium Pocaasio Water. Oarboa 

tartrate. carbonate. tar urate. tartrate. dioxide. 

The insoluble calcic salt is separated and the potassic salt decomposed 
by treating the solution with calcic chloride: 

C,H,0 K, -f CaCl, = CJI.O.Ca + 2KC1 

Potawio Calcium Calcium Potafwdom 

tartrate. chloride. tartrate. chloride. 

The united deposits of calcium tartrate are suspended in water, decom- 
posed with the proper quantity of sulphuric acid, the solution separated 
from the deposit of calcium sulphate, and evaporated to crystallization. 

The commercial acid is liable to contamination with sulphuric acid, 
lead and calcium compounds, from which it may be freed by recrystalliza- 
tion. When sufficiently pure for pharmaceutic purposes, its solution is 
not affected by hydrogen sulphide, and gives no preciptate with calcium 
sulphate or ammonium oxalate, and with barium chloride no precipitate 
not entirely soluble in nitric acid. It should not attract moisture from 
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the air, should be entiroly soluble in aicoliol, and sliould ha entirely 
consumed when hested to redness aa platinum foil. 

The ordinary tartaric acid crystallixea in large prisms; very soluble in 
crater and in alcohol, insoluble in etlier; permanent in air; acid in taste 
■nd reaction. Its solutions become mouldy on standing. 

It fuses at 170°; at 180° it loses water and is gradually converted into 
an anhydride; at 200°— 210° the acid is decomposed with formation of 

¥ volatile products, pt/ruoie and pyrotartaric acids/ at higher tempera- 



tures the decomposition is more complete, and 
of acetic acid, carbon dioxide and monoxide, 
charcoal; if still further heated in air, it burns ' 
If kept in fusion for some time, two molecule 
loss of the constituents of a molecule of water, 1 
trie acid, C,n„0„. 

Tartaric acid is attaolced by oxidizing agents 
dioxide, water, and, in some instances, formic a 
reducing agents convert it into malic and s 
nitric Boid it forms a dinitro-compound, whic 
when decomposed below 30°, yields tartaric 
rith lime-water, solubli ' 



. the production 
'ater, hydrocarbons and 
ith an odor of caramel. 
of the acid unile, with 
I form tartralic or ditar- 

fith formation of carboii 
d oxalic acids. Certain 
da. With fuming 
very unstable, atid which, 
I, It forms a precipitate 
dilute solution 



it forms a precipitate with potassium sulphate solution; it dot 

cipitate with the salts of calcium. When heated with a solution ol auria 

chloride it precipitates the gold in the metallic form. 

As its formula indicates (sec above), tartaric acid is tetratomto and 
dibasic; it forms many Halts which are of medical importance, and ex- 
hibits a great tendency to the formation of double salts, such as tartar 
emetic {>/. v.). 

When taken into the economy, as it constantly is in the form of tar- 
trates, the greater part is oxidized to carbonic aoid (carbonates); but, if 
taken in suHicient quantity, a portion is excreted unchanged in the urine 
and perspiration. The free acid is poisonous in lari^o doses. 

In pharmacy tartaric acid ia used chiefly in effervescent mixtures, 
seidlitz powder, etc., and is frequently used in place of the more costly 
citric acid. In the arts it is extensively consumed in processes of dyeing. 

There exist anhydrides, ethers, and amides corresponding to tbs tar* 
taric acids, none of wliich is of medical interest. 



Citrio Aoid,C.H.O,-i-Aq, 

is best considered in this place, although its constitution is different from 
that of tartaric acid. It exists in the acid juices of many fruits — lemon, 
Strawberry, gooseberry, cherry, orange, etc. 

It is obtained from Icmoa-juico, which is filtered, boiled, and saturated 
with ohallc The insoluble calcium citrate is separated and decomposed 
with sulphuric acid, the solution filtered, and evaporated to crystallization. 

It crystallizes in large, ri^ht rhombic prisms, which lose their aq. at 
100°; very soluble in water, less soluble in alcohol, sparingly soluble in 
ether; heated to 100° it fuses; at 176° it is decomposed, with loss of water 
and formation of aconitic acid, C,II,0,; at a higher temperature, car- 
bon dioxide is given off, and iVacojitc acid, C^Ufi^, And cilraconic acid, 
C.II^O,, are formed. 

Concentrated sulphuric acid decomposes it with evolution of narbon 
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monoxide; oxidising agents convert it into forcnio aoid and carbon dioxide; 
or into carbon dioxide and acetone; or into ozalio and acetic acids and 
carbon dioxide. It is tetratomic and tribasio. J 



FKHTATOMXC ALGOHOXS. " 

Only two of these compounds are known, and require mere nietitioD. 

Queroite, C,H„0, — a sugar-like subatance obtained from acorns. It 
forms hard crystals, soluble in water and in hot aqueous alcohol ; perma- 
nent in air; fuses at a temperature above 335°, and sublimes with a sligbt 
darkening in color. It is not affected by the alkalies; does not reduce 
Fehiing's solution, and is not fermenlablc ; with a mixture of nitric and , 
sulphurio acids it yields a detonating nitro-compound. 

Finite is an isomore of quercite, obtained from the exudations of Cali^ J 
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! {Piniis Lambertiana). It c 
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s it capable of fermentation. 
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FOURTH SERIES OF HiTDROCARBONR 

Series C.U^.*. " 



wn; this is 
of pota»li u 






9 of induatnilV 



But one of the lower terms of this aeries is ki 
0,H„ obtained by the action of an alcoholic aolutio 
Icne dibromide. It is a liquid, boiling at 45°. 

Among the higher terms of the series are many si 
and medical importance. 

Terebenthene, C,.H„. is the typo 
substances existing in the volatile ft/* 
stiluent of oil of turpentine. 

To obtain it in a, state of purity, oil of turpentine is mixed with aa 
Ltlkaline carbonate, and distilled in vacuo over a water-bath, or by frac- 
tional distillation of the crude oil, those portions being collected which 
pass over at about 15G°. 

Pure terebenthene is a colorless, mobile liquid; has the peculiar odor 
of turppntine; boils at about loG"; burns with a smoky, luminous flame; 
obtained from the turpentine of pintig maritima, it is leevogyrous, puri- 
fied by distillation in vacuo, rfl]p=— 42.30°, by fractional'dist illation, 
[alD=— 40.aa°; that obtained from pinrca mmlrulU is deslrogyrous, 
[rt]„=+18.0°; specific gravity at 0°=0.87G7. 

It absorbs oxygon rapidly from the air, whether pure or in the com-' 
mercial essence, becomin^f thick and finally gummy. Oxidizing agents, 
such as nitrio acid, attack it energetically, causing it to ignite and bum 
suddenly, with separation of a large volume of carbon. Hydrochloric acid 
unites with it to form a number of compounds, as do also hydriodio and 
hydrobromic acids^all the compounds having the odor of camphor. 
When mixed with nitric acid diluted with alcohol and exposed to the air, 
it forms a crystalline pseudo-^lycol, lerpine. Chlorine, bromine, and iodins 
form compounds of substitution or of addition. 
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7\trpefillne — JembentAina (U. S.) — is the name given to the concrete 
juiee of various species of trees of tlie genera Pintts, Abies, and Larix, 
which consists of terebonthene, its iiioineres, anil resinous and other sub- 
etances. The product differs in composition and properties according 
to the kind ol tree from which It is produced; the varieties recognized 
by the United States Dispensatory are the following: 

f\rst, — ^y}lite turpentine — Cornmon Am^riuan turpentine — obtained 
in North Carolina and adjacent States, from Pinits ptiltutria and I*, twda. 
It is yellowish white, semi-fluid at summer temperature, hard and solid 
when cooled; on exposure to air it becomes dry, hard, and brittle. It is 
usually subjected to distillation near the place of its collection, by which 
prooess it is separated into the volatile oii, or etsejice oj" turpentine {q, v.), 
snd resin, or colophon!/ {<]. v.). 

Second. — European turpentine — Sordeaitx turpentine — obtained ui 
the south of France, etc., ^rom P. ai/lcestris and P. maritima, is the va- 
rietyprincipally used in Europe, but rarely finds its way to this country. 

Jniril. — Canada turpentine — Canada balsam — BuUam of fir — is pro- 
duced in Canada and Maine from abies baUamea. It is a tenacious semi- 
solid, of the consistency of honey when fresh, colorless or yellowish, sticky, 
bitter in taste, and having a balsamic odor; when long exposed to the air, 
or when heated over the water-bath, its volatile constituents are lost, and 
it ia converted into a hard, brittle mass. 

F\>Hrth. — Venice ( wr/icn (in e— produced principally in Switzerland from 
Uirix. Eitroptsa. It ia a thick, viscid liquid, yellowish or greenish in 
color; soluble in alcohol; does not concrete as readily as other turpentines. 

J^Jt/i. — Ghian turpentine is the product olpittachia tcrel'inthut, grow- 
ing in the island of Ohio, in the .Kgcan, It is a thick, greenish yellow 
liquid. 

£k»ence ofturpentine — Oilo/ttirpentlne—iSpiritt o/turpentine — Olew* 
terebintAincB (U. S., Br.)— is the volatile product of the distillation of tur- 
pentine. It IS not identical with terebenthene, although that substance 
IS its main constituent; it contains also hydrocarbons isomeric with tur- 
pentine and substances containing osygen, which either pre-exist in the 
turpentine, or, more usually, result from the method of preparing the oil. 
When recently distilled, it is a colorless, limpid, neutral liquid; sp. gr. 
0.86; usually lievogyrous, sometimes dextrogyrous; when exposed to the 
air it rapidly becomes yellow and viscid. The action of reagents upon it 
ia practically the same as upon terebenthene. 

The number of isomerides existing in oil of turpentine is very great; 
some are optically active, others inactive; they also vary in their specifie 
gravities, fusing- or boiling-points, and capacity for absorbing oxygen; 
prominent among them are: 

Bpednc (TIT. Fiuliic- BuIUbe- 

I17 u SO*. pulDI. polllt. 

I«oter»bent!ieno 0.8116 .. l??" 

Terebene 0.8260 . . 156° 

Terebenthene 0.8271 . . 156.5* 

Camphanes 0.8738 45' leO" 

Action on tfie economy. — Oil ofturpentine is used medicinally as a stim- 
ulant and diuretic; in large doses it acta as a narcotic-irritant poison. It 
n eliminated in the form of sulphoconjugated (?) acids with the urine, to 
which it communicates an odor of violets. 
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iBoiiieres of Terebeutheue, 

KSSBKCES. 

There exist & great number ot hodiea, the products of distillstion 
vegetable substances, which are known as ettencts, e»aential oilt, volati 
oiti, diatiUed oils, or Olea diitiUafa (U. S.). The; resemble each oti 
in being odorous, oily, sparingly soluble in water, moro or less soluble 
alcohol and ether; colorless or yellowish, inflammable, and prone to 
come resinous on exposure to air, Tbey are not simple chemical c 
pounds, bui mixtuiea in wlijch some constituent predominates, and in tnani 
of them the principal ingredient is a hydrocarbon, isomerio with terebeai 
thene, and consequently having the composition .C,,H.,; the number of 
such isomeres is very great. Some contain hydrocarbons, others aids' 
hydos, acetones, phenols, and ethers. 

Of the numerous other hydrocarbons closely related to tore ben the no, 
but two require further oonsiUemtion as being the principal oonstitUGntlij 
of caotc^OKC and guttapercha, both of ' ' ' 
be nth en e. 

Caoutohouo — India-rubber — is a peculiar substance existing in sua^j 
pension in the milky juiae of quite a number ot trees growing in warm 
climates. It is, when pure, a mixture of two hydrocarbons — caoutehen^. 
C„H,„ and iaoprene, C,H,. 

The comnierctal article is yellowish brown; sp. gr. 0.910 to 0.913; soft, 
flexible; almost impermeable, but still capable of acting as a dialyzing 
membrane when used in sufficiently thin layers. It ta insoluble in water 
and a!c;obol, both of which, however, it absorbs by lung immemon, tlis 
former to the extent of twenty-five per cent, and the Utter of twenty per 
cent, of its own weight; it is soluble in ether, carbon disulphide, petro- 
leum, fatly and essential oils; its beat solvent is carbon disulphide, either 
alone, or, better, mixed with five parts of absolute aloohol. 

It is not acted upon by dilute miueral acids, but is attacked by con*' 
centrated nitric and sulphuric acids, and especially by a mixture of tb*- 
two. Alkalies tend to render it tougher, allhougii a solution of soda ot 
40° B. renders it soft after an immersion of a few hours. Chlorine at- 
tacks it after a time, depriving it of its elasticity, and rendering it hard 
and brittle. AVhen heated it becomes viscous at 145'^, and fuses at 170° — 
180° to a thick liquid, which, on cooling, remains sticky and only regains 
its primitive character after a very long time; on contact with llame i) 
ignites, burning with a reddish and very smoky flame, which is ex,< 
tinguished with difficulty. 

The most valuable property of india-rubber, apart from its elasticity, 
is that which it possesses of entering into combination nith sulphur to 
form what is known as vtdcanized rubber, which is produced (the details 
of the process vary) by heating together the normal caoutchouc and sul- 
phur to 130° — 150°. Ordinary vulcanized rubber differs materially from 
the natural gum in its properties; its elasticitv and flexibility are much 
increased; it does not harden when exposed to cold; it only fuses at 
200°; finally, it resists the action of reagents, of solvents, and of the at- 
mosphere much better than does tlie natural gum. 

Frequently rubber tubing is too heavily charged with sulph 
tain chemical uses, in which ' ' <•■'•• 

dilute caustic soda solution. 



no, ^^ 
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Maritrubber, vulcanite, or ebonite, is a hard, tough varietyof ruloan- 
iiett rubber, eusceptible of a good polish, and a noti-c-onduotor of elee- 
trioity; uaed in the manufacture of a great many objects. It contains 
twenty to thirty-five per cent, of sulphur (the ordinary vulcanized rubber 
contains seven to ten per cent.), and is prepared by a process which ri"- 
quires great care and experience. 

Gutta-peroba is the concrete juice of itonandra ffuUa. It is a tough 
inelastic, brownish Bubstanco, having an odor similar to that of caout- 
chouc; at ordinary temperatures it is rather hard, but wheu heated to 
below the boiling-point of water it becomes soft and may be moulded, 
or even cast, bu as to assume any form, which tt retains on cooling; it 
may be welded with great facility at slightly elevated temperatures, is a 
good insulating and wnterprooling material, and is suiBciently tough and 

filiable for use for belting tor machinery. It is insoluble in water, alka- 
ina solutions, dilute acids, including hydrofluoric, and in fatty oils; it i« 
soluble in benzene, oil of turpentine, essential Oils, chloroform, and es- 
pecially in carbon disulphide. A solution in chloroform is oRicinal as 
Xi'y. gutta pen/ux (U. S. ), and is used to obtain, by its evaporation, a 
thin iilm of gutta percha over parts which it is desired to protect from 
the air. It is attacked by nitric and sulphuric acids. 

When exposed to air and light, it is gradually changed from the sur- 
face inward, assuming a sharp acid odor, becoming hard and cracked, 
and even a conductor of electricity, thus losing, after a time, those char- 
acters which render it valuable in the arts. 

Gutta-percha is a more complex substance than caoutchouc, and seems 
to be made up o[ three substances: GiUta, C„ H„, seventy-five to eighty- 
two per cent., a white, tough Kubstance, fusing at 1^0°, soluble in the 
ordinary solvents of gutta-peroha, but insoluble in alcohol and ether. 
Albane, fourteen to nineteen per cent., a white, crystalline resin, heavier 
than water, fusible at ICO"; soluble in benzine, essence of turpentine, 
carbon disulphide, ether, chloroform, and hot absolute alcohol; not at- 
tacked by hydrochloric acid; its composition is 0„H 0,. J-luviale, four 
Id six per cent., 0,.II„0, a yellowish resin, slightly heavier than water, 
hard and brittle at 0°, soft at 50°, liquid at 100^; soluble In the solvents 
of guita-percha. 

Camphors and Resins. 

Most of the essential oils yield on distillation two products of differ- 
ent boiling-points; one of these is a hydrocarbon, in most instances of 
ihe terobeuLhene series, liquid at ordinary temperatures, and sometimes 
known us an ckoplene. The other, of higher boiling-point, and solid at 
ordinary temperatures, desi'tnated a atearoptene, is an oKidiied product, 
and either exists as such m the vegetable exudation, ur is produced 
during subsequent treatment. 

Camphors. 

These stcaroptenes are probably aldehydes or alcohols corresponding 
to hydrocarbons related to tercbcntheiie; their composition is clearly de- 
termined, ahliough their constitution is as yet uncertain. 

They are quite numerous, and many of the varieties occur in several 
different modilications; the most important arc: 

Common Camphor — Japan camphor — Laurd oatujAor — 0am- 
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pholk aldehyde— Camphora (U. S., Br.)— CH„0.— There esiat at lewit 
three modifications of tliis aubetaacc, which differ from each other, ap- 
parently, only in the aouroes whence they are obtained and in their 
action uponjpolamed light; they are: 

J^rst. — X>extrocamphor, or laurel camphor, obtained from laurun 
pAora= Cumphore qfficinarum — [o]i)= +47.4°. 

Secorni. — Ziooocatnphor, obtaiued from matricaria poitlanium — [oi 
n=— 47.4°. 

77iird. — Inactive camphor, obtained from the essential oils of roi 
mary, sage, lavender, and origanum, is without action upon ]>olarized lighl 

The only one of these which is of practical importance ' 
which is the ordinary camphor of the shops. 

It occurs as a white, translucent, crystalline solid ; sp. gr, 0.986 — J 
0.996; of a hot, bitter taste, and a well-known aromatic odor, sparingly 
soluble in water, to which it communicates its odor. Wlien a small piece 
is thrown upon water, it takes on a rapid, gyratory motion over the aur 
face, which is instantly stopped when a drop of essential oil is allowed to 
fall on the water. It is quite soluble iu ether, acetic acid, melliyl alcohol, 
carbon disulphide, the oils, and alcohol. The tpir. cattiphoriE is an alco- 
holic solution of two ounces to the pint. It fuses at 175° and boils at 
304°. It is volatile at all temperatures, and is readily sublimed. 

It ignites readily, and burus with a luminous flame. Cold nitric acid 
dissolves it, and from the solution it is precipitated unchanged by water. 
Bailing nitric acid or potassium permanganate solution oxidize it to d«x- 
trocamphorie add, C„H,,0,, Concentrated sulphuric acid forma with it a 
black solution, from which water precipitates an oily material called cam- 
phrene. Distilled with phosphoric anhydride, it yields cymene, C,,H„. 
Alkaline solutions, by long heating under pressure, convert it intoconi' 
phic acid, C,,H,,0„ and bomeol. Chlorine attacks it with difficulty- 
Bromine unites with it to form an unstable compound, which forma ruby> 
red crystals having the compwsition C,,H OBr,. These crystali 
heated to 80° — 90°, fuse and give oft hyarobromio acid, there remain? 
iog an amber-colored lii^uid, which solidifies on cooling and yields, by 
reorvstallization from boiling alcohol, long, hard, rectangular prisms, in- 
soluble in water, soluble in alcohol, ether, chloroform, and oils ; this h 
the monobromo-camp/ior, recently introduced as a iherapeutic agent. 
When the vapor of camphor is passed over a mixture of fused potash auil 
lime heated to 300° — 400°, it unites directly with the potash to form the 
potassium salt of campholic acid, C,,H„0,. 

Camphor is largely used in the household As a destroyer of moths, ao^-, 
in medicine as an antispasmodic; in overdoses it acts : 
cases, however, usually terminating in recovery. It is said to be a vali 
able antidote in strychnine-poisoning. 

Bomeol- — JJomtto camphor — Camphol — Camphyl alcohol — C„H, 
lally obtained from dryobalanopa camphora, although 
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1 other plants, and even artificially by the hydrogenation c 
The product from these different sources is the 
lar as we can determine, but varies, like 
its action on polarized light; thus the specific rotary powi 

Borneo] from amber, 

Bomeol from dryobalanops, ajo— +33,4° 
= -33.4° 
= +44.9' 
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It forms BmB.U, trhite, transparent, friable crystals; has an odor wliic 
recalls at tho same time those of laurel oainplior and of pepper; has a he 
taste ; is insoluble in water, readily soluble in alcohol, etlier, and acetic 
acid ; fuses at 198°, boils at 212°. 

It is a true alcohol, and enters into double decomposition nith acids to 



ithers. When heated with phosph 
1, iomeenc, C„H„. OxidLted by uit 









lubstance is very rarely exported from the countries in which it 



Menthol — Menthol alcohol — C"„H O — is a camphor existing in essen- 
tial oil of peppermint. It crystallizes in colorless prisms; fusible at SC; 
boiling- at 210°; sparingly soluble in water; readily soluble in alcohol, 
ether, carbon disulphide, and in acids. Corresponding to it are a se 
of ment/iyl ethers. 

Euoalyptol, C„H„0 — is contained in the teavesof eucalyptu*glo!>uiui>: 
it is liquid at ordinary temperatures, and boils at 175°; by distillation witli 
phosphoric anhydride it yields eucalypUne, t?|,H , 

Terpfne — Terebenthetie bihj/drate — C„n,„3H,0 + Aq — is sometimes 
spontaneously deposited from oil of turpentine containing water; it may 
be obtained by frequently agitating for a month or more a mixture of oil 
of turpentine, alcohol, and ordinary nitric acid. It forms fine, large, rhom- 
bic prisms; sp. gr. 1.0994; sparingly soluble in cold water; soluble in hot 
water, alcohol, and ether; fusible at 103°. 

Terpinol, {C|,H,,),H,0~is formed when terpine in solution in warm 
water is treated with a, vety small quantity of sulphuric or of hydrochloric 
■ctd, and distilling. It is a colorless liquid; has an odor of hyacinth; sp. 
gr. 0,853; boils at 108°, at which temperature it suffers partial decompo- 
sitioD. It appears to possess the function of an ether. 



Notwithstanding the wide diffusion and industrial importance of these 
substances, and owing to the uncertainty still existing as to their chem- 
ical nature, it is difficult to define precisely what is meant by a resin. 

They aregenerally the products of oxidation of the hydrocarbons allied 
to terebentnene; are amorphous (rarely crystalline); insoluble in water; 
soluble in alcohol, ether, and essences. Many of them contain acids. 

They may bo divided into several groups, according to the nature of 
their constituents: 1st, Jtalaam», which are usually soft or liouid, and are 
distinguished by containing free cinnamia or benzoic acid (o. v.). The 
principal members of this group are benzoin, Uqvidambar, Peru balsam, 
ttj^rax, and baUam Colu. 2d. Oleoresiiut consist of a true resin mixed 
With an oil, and usually with an oxidixed product other tlian cinnamic 
or bensoic acid. The principal members of this group are Burgundy a,n<\ 
Cantvla pitch, Mecca balsam, and the resins of capticum, eopaiva, cubtba, 
elemi, laodanum, and lupulin. 3d. Gum-resiru are mixtures of true re- 
sina and gums. Many of them are possessed of medicinal qualities, alof.9, 
ttmtnoniac, asafo&ida, bdeSium, eitphorbium, galbanum, gambot/e, guaiae, 
"•y""^ olibanum, opopOHOX, and tcammony. 4th. True resins are hard 
substances obtainable from the members of the three previous classes, i 
oontaining neither essences, gums, nor aromatic acids. Such are colophony 
or rotin, copal, dammar, dragon's blood. Jalap, lac, mastic, and sandarac. 
6Cb. JFbiait resint, such as amber, atphall, and ozocerite. 
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HEXATOMIO ALCX>HOLS. 

There exist, so far as at present known, but two alcohols of this series, 
isomeres of each other. They may be regarded as the hydrates of a hy- 
drocarbon of the terebenthene series, C.H., which is only known in com- 
bination. They are mannite and dulcite, 

Mannite — Fraxine — Mannityl hydrate — Mannitic alcohol — C^H, 
(OH)^ — was first obtained from mannay of which it forms sixty to eighty 
per cent. It exists also in a great number of vegetables, and in cider 
and wine, being formed as one of the products of viscous fermentation. 
It has also been obtained by partial synthesis, by the action of nascent 
hydrogen on inverted cane- and milk-sugar. It is best prepared from 
manna by extraction with boiling alcohol, recrystallization, and decolor- 
ization if necessary. 

It crystallizes in silky prisms, usually arranged in radiating bundles. 
It is sweetish in taste; fermentable with difficulty; without action on polar- 
ized liglit; soluble in water and alcohol; insoluble in ether; fusible at 
160°; it boils at 200°. 

When heated to 100° with hydrochloric acid for some time, it is con- 
verted into manjiitan^ C,H,,0^. With the acids generally it combines, 
with elimination of water, to form mannitic ethers; it also dissolves in al- 
kaline solutions. It is not capable of reducing the cupropotassio solu- 
tions, either hot or cold. Nitric acid oxidizes it to saccharic acid Iq, v.), 
and ultimately to oxalic acid. By the action of moist platinum-black a 
portion is converted into mannitic acidy C,H„0,, and a portion into man- 

Dulcite — Jfelampyrine — Dulcose — CJI^fi^ — the isomere of mannite, 
is obtained from a Madagascar plant of the genus melampyruni. It re- 
sembles mannite closely in its properties and reactions, but differs from 
it in fusing at 182°, and in yielding, when oxidized by nitric acid, mucio 
in place of saccharic acid. 

Saoohaiio acid, CJlI^ (OH)^ (COOH), — is a dibasic acid produced 
by the oxidation of mannite, cane-sugar, and other kinds of sugar. It 
forms a non-crystalline, friable mass; deliquescent; soluble in water and 
alcohol; insoluble in ether; it is dextrogyrous when made from cane- 
sugar. It forms a series of salts and ethers called saccharates. 

Mucio aoid, C^IIj^O, — is a dibasic acid, isomeric with saccharic 
acid, which it closely resembles. It is formed by the oxidation of dulcite, 
milk-sugar, or gum arabic, by nitric acid. 

It is a white, crystalline powder; very sparingly soluble in cold water, 
insoluble in alcohol. By long boiling with water it is converted into 
another isomere, paramuHc acid, soluble in water and alcohol. Sulphuric 
acid dissolves it, the solution being red and containing a sulphocon jugate 
acid. Nitric acid by prolonged action oxidizes it to racemic and oxalic 
acids. When subjected to dry distillation it is decomposed into water, 
carbon dioxide, a.nd pyromucic acid, C^H^O,. 

Corresponding to pyromucic acid is an aldehyde, called furfurcly or 
oil of bran, a colorless, highly aromatic oil, sp. gr. 1.17; boiling-point, 
1G2 ; prepared by distilling bran, starch, sawdust, etc., with dilute sul- 
phuric acid. 
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Gluooses, C.II„0^ 

Glucose — Grape-suffar-T-Dextrose-~I,iver-suffar — Diabetic augar. — 
The substance from which this group takes its name is widely diffused 
in nature. It exists, accompanied by l«vulose, or saccharose, in all 
■weef and acidulous fruits; in many vegetable juices; in honey; in tlie 
animal economy in the contents of the intestines, in the liver, bile, 
thymus, heart, lungs, blood, aud in small quantity in the urine. Patho- 
logically it is found in the saliva, perspiration, fieces, and enormously 
increased in the blood and urine in diabetes melHtus (see below). It 
mar also be obtained by decomposition of certain vegetable substances 
wllad glucosiiie* (y, «.). 

It can be, and is, in the arts, prepared artificially by heating starch or 
cellulose for twenty-four to thirty-six hours with a dilute mineral acid 
(sulphuric). Glucose obtained by this method is very largely used, both 
legitimately and fraudulently; it is, however, liable to contamination with 
truces of arsenic, which it receives from the sulphuric acid. Starch is 
also converted into glucose h^ the inlluence of a peculiar ferment, dku- 
lOM, fonned during the germination of grain. 

Glucose crystallizes with difficulty from its aqueous solution in white, 
opaque, spheroidal masses containing 1 at].; from alcohol in fii 
parent, anhydrous priams; at about 60 degrees in dry air thu hydnted 
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^liiooBe loaei ita water. It ia soluble in all proportions in hot crater; 
ID one-third part of cold water (less soluble than oane-sujrar) ; soluble in 
ftlcohol. ]t is less sweet In taste than eune-siigar, two and one-half parts 
of glucose being required to produce the same sweetening- as one part of 
saccharose. Solutions of glucose are dextrogyrous [a] „= -l-ST.G''. When 
bested to 170° it loses water, and is converted into glucotan, C,H,,0,. 

When heated with the diluted mineral acids, glucose is decompose 
yielding a brown substance, vlmic add, and, in the presence of air, form 
acid. It dissolves in concentrated sulphuric acid without coloratim 
forming sulphofflucic acid. Cbld, concentrated nitria acid converts it iafl 
nitro-glucoite ; hot dilute nitric acid oxidises and decomposes it to a n>UL 
ture of oxalio and oxysaccharic acids. With the organic acids it formsl 
number of ethers. 

Solutions of glucose dissolve potash, sodn, lime, baryta, and the o 
of lead and copper, with which it forma well-defined compounds, which 
are, however, very prone to decomposition. When glucose solution is 
heated with an alkali, it turns brown (yellow if the quantity of glucose be 
small), and assumes a peculiar, molasses-like odor; this change is due to 
the formation of mdassic and i/lucic acids (see below). 

Glucose precipitates silver from solutions of its salts, and in the pres- 
ence of free ammonia the metal adheres to the sides of the glass vessel ma 
a brilliant mirror. When an alkaline solution of a cupric salt is beatedH 
in the presence of glucose, the sugar reduces the copper salt and preci)»>fl 
tates cuprous oxide (see below). Mercury is precipitated from an alu- 
line solution of mercuric cyanide, when heated with glucose. It forms 
definite, crvstalline compounds with sodium chloride. Sodium amalgam 
converts glucose In aqueous solution into mannite. Subnitrale of bis- 
muth, suspended in a hot solution of glucose, containing sodium car- 
bonate, turns black or brown from its reduction to bismuth. In the 
presence of yeast it is converted into alcohol and carbon dioxide, by 
fermentation (see pp. 170, 303); in the presence of sour milk or of cheese, 
it enters into lactic fermentation. 

If a solution of glucose be rendered faintly blue with indigo solution, 
then faintly alkaline with sodium carbonate solution, and heated to near 
boiling without agitation, the color changes to violet and then to yellow. 
The blue color is restored by agitation. 

Physiologicat. — The greater part, of the glucose in the economy in 
health is introduced with the food, either in its own form or as other car- 
bohydrates, which by digestion are converted into glucose ; a certain 
quantity is also produced in the Hver at the expense of glycogen, a for- 
mation which continues for some time after death. In some forms of 
diabetes the production of glucose in the liver is undoubtedly greatly 
increased. The quantity of sugar normally exsisting in the blood varies 
from 0.81 to 1.231 part per thousand; in diabetes it rises as high as S.S 
parts per thousand. 

Under normal conditions and with food not too rich in starch and 
saccharine materials, the quantity of sugar eliminated as such is exceed- 
ingly small — so small indeed that Bome observers have contested the fact 
of any being ehminated in health. It is oxidized in the body, and the 
ultimate products of such oxidation eliminated as carbon dioxide and 
water. Whether or no intermediate products are formed, is still uncer- 
tain; the probability, however, is that there are. The oxidation of sugar 
is impeded in diabetes. Where this oxidation, or any of its stops, occurs, 
is at present a matter of conjecture merely; if, aa is usually believod, 



GLU009E8. 

glucose disappears to a. marked extent in the passage of the blood through 

the lun^, tli« fa<'t is a strong support of the view that its transformation 
a dioxide and water does not occur as a simple oxidation, &a the 



of the organ i 
he blood 



e lung, beyond 
' * is sc»reely 

. or below 
quantities 



Dotion that sugar or any other substance 
the small amount required by the nutriti 
tenable at the present day. 

So long as the quantity of glucose ii 
the normal percentage, it is not elimin 

appreciable! by the tests usually employed; when, however, I 
of glucose in the blood surpasses this limit from any cause. 
becomes saccliarine, and that to an extent proportional to the 
glucose in the circulating fluids. The causes which may bring about such 
an increase are numerous and varied; many of them are entirely consistent 
with health, and the mere presence of increased quantities of sugar in the 
urine is no proof, taken by itself, of the existence of diabetes, Sugar is 
detectable by the ordinary teats in the urine under the following circum- 
■lanoes: Physiologically. — 1st, in tlie urine of pregnant women and dur- 
ing lactation; it appears in the latter stages of gestation and does not 
disappear entirely until the suppression of the lacteal secretion. 2d, in 
small quantities in sucking ciiildren from eight days to two and one-half 
months. 3d, in the urine of old persons (seventy to eighty years), 4th, 
in those whose food contains u large amount of starchy or saccharino 
material ; to this cause is due the aiiparent prevalence of diabetes in certain 
localities, as in districts where tliQ different varieties of sugar ore pro- 
duced. i'athnlogicnUy. — 1st, in abnormally stout persons, especially in 
old persons and in women at the period of the menopause; the quantity 
does not exceed eight to twelve grams per 1,000 c.c, and disappears when 
starchy and saccharine food is withheld; tjiis form of glycosuria is very 
liable to develop into true dialictes when it appears in young persons. 
X'd, in diseases attended with an interference with the respiratory pro- 
cesses — lung diseases, etc. 3d, in diseases in which there is interference 
with the hepatic circulation — hepatic congestion, compression of the portal 
vein by biliary caleuli, cirrhosis, atrophy, fatty degeneration, etc, 4th, in 
many oorobral and uerebro -spinal disturbances — general paresis, dementia, 
i-pilepsy; by puncture of the fourth ventricle. 6th, in intermittent and 
typhus fevers. 6th, by the action of many poisons — carbon monoxide, 
aracnio, chloroform, curari; by injection into an artery of ether, ammo- 
nia, phosphorio acid, sodium chloride, amyl nitrite, glycogen. 7tli, in 
true diabetes the elimination of suq'ar in the urine is constant, unless 
arrested by suitable regulation of diet, and not temporary, as in the con- 
ditions previously mentioned. The quantity of urine is increased, some- 
times enormously, and it is of high specifio gravity. The elimination of 
urea is increased absolutely, although the quantity in 1,000 c.c. may he 
Inss than that normally existing in that bulk of urine. The quantity of 
sugar in diabetic urine is sometimes enormous; an elimination of 300 grams 
in twenty-four hours is by no means uncommon; instances in which the 
•monnt has reached 400 to 6i;0 grams aro recorded, and one ease in which 
no leu than 1,37C grams were discharged in one day. The elimination is 
not the same at all hours of the day; during the night less sugar is voided 
ihan during the day; the hourly elimination increases after meals, reaoh- 
i»% its maximum in four hours, after which it diminishes to reaeh the 
minimum in six to seven hours, when it may disappear entirely ; this 
variation is more pronoiinned the more copious the meal. It ia obvious 
from the above, that, in order that quantitative determinations of sugar iu 
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urine shall bo of clinical value^ it is necessary that the determination be 
made in a sample taken from the mixed uriue of twenty-four hours. 

The relation existing between the quantity of sugar in the blood and 
its elimination by the urine in diabetes is well shown by the following re- 
sults of Pavy, which also show the beneficial effects of restricting the diet: 



Case I. Mixed diet. 

Case II. Mixed diet 

Case II. Restricted diet 

Case III. Mixed diet 

Case HI. Re8trioted diet. 

Caae IV. Partly restricted diet. . 
Case IV. Partly rentricted diet, } 
3i months later. . . . f 



Uanrx. 



Qiuintitylu 
94 hoarm. 



6608 cc. 
6474 CO. 
3407 ac. 
5878 cc. 
2470 cc. 
1704 cc 

858 cc 



Spedflo 
gravity. 



1040 
1041 
1081 
1086 
1088 
1086 

1084 



BnKftr excreted 
in a hoan. 



751.6 grams. 
68.'i.0 grams. 
245.2 grams. 

567.7 grams. 

115.8 grams. 
21.81 grams. 

14.40 grams. 



Sagarin 
1.000 parts. 

109.91 

94.08 
61.84 
93.89 
45.49 
48.11 

81.76 






Blooz>. 



Siinr In 
1,000 partH 



5.768 
5.545 
2.625 
4.970 
2.789 
1.848 

1.548 



Tests /or the presence of glucose, — A saccharine urine is usually abun- 
dant in quantity, pale in color, of high specific gravity, covered with a 
persistent froth on being shaken, and exhales a peculiar odor; when evap- 
orated it leaves a sticky residue. The presence of glucose in urine is 
indicated by the following tests: 

If the urine be albuminous, it is indispensable that the albumen be 
separated before any of the tests for sugar are applied; this is done by 
addinnr one or two drops of acetic acid, or, if the urine be alkaline, just 
enough acetic acid to turn the reaction to acid, and no more^ heating 
over the water-bath until the albumen has separated in flocks, and 
filter! nir. 

First. — When examined by the polarimeter (see p. 303) it deviates 
the plane of polarization to the right. 

Second, — When mixed with an equal volume of liquor potassse and 
heated, it turns yellow, and, if sugar be abundant, brown; a molasses-like 
odor is at the same time observable (Moore's test). 

Tlilrd, — The urine, rendered faintly blue with indigo solution and 
faintly alkaline with sodium carbonate, and heated to boiling without 
agitation, turns violet and then yellow if sugar be present; on agitation 
the blue color is restored (Mulder- Neubauer test). 

Fourth, — About 1 cc. of the urine, diluted with twice its bulk of water, 
is treated with two or three drops of cupric sulphate solution and about 
1 cc. of caustic potassa solution; if sugar be present the bluish precipi- 
tate is dissolved on agitation, forming a blue solution; the clear blue fluid, 
when heated to near boiling, deposits a yellow, orange, or red precipitate 
of cuprous oxide if sugar be present (Trommer's test). In the applica^ 
tion of this test an excess of cupric sulphate is to be avoided, lest the 
color be masked by the formation of the black cupric oxide. Sometimes 
no precipitate is formed, but the liquid changes in color from blue to 
yellow; this occurs in the presence of small quantities of cupric salt and 
large quantities of sugar, the cuprous oxide being held in solution by the 
excess of glucose; in this case the test is to be repeated, using a sample 
of urine more diluted with water. In some instances, also, the reaction 
is interfered with by excess of normal constituents of the urine, uric acid, 
creatinine, coloring matter, etc., and, instead of a bright precipitate, a 
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mudJy deposit is formed; when this occurs the urine is lioated wJiii ani- 
mal cliftrcuul, and filtprcd; the filtrate evaporated to dryness; the residue 
extracted with alcohol; the alcoholic extract evaporated; the residue 
redissolvcd in water, and tested as described above. 

I'\/th. — Four or five cubic centimetres of Fehling's solution {see p, 
304) are heated in a test-tubs to boiling; it should remain unaltered; the 
urine is then added guttaCim ; if it contain sugar, the mixture turns green 
and a yellow or red precipitate of cuprous oxide is formed, usually darker 
in color than that obtained by Trommer's test. The absence of glucose 
is not to bo inferred until a bulk of urine equal tu that of the Fehling's 
solution used has been added, and, the mixture boiled from time to timo 
without the formation of a precipitate. This test is certainly the moat 
oonvmient and the moat reliable for clinical purposes. 

Sixth. — A few cubic centimetres of the urine are mixed in a tost-tubo 
with an cqnnl volume of solution of sodium earbonoto (one part crystal, 
carbonate and three pans water), a few granules of bismuth Gubnitrato 
are added, and the mixture boiled for some time (until it begins to " bump," 
if necessary); if sugar be present, the bismuth powder turns brown or 
black by reduction to elementary bismuth (Boettger'a test). No other 
normal constituent of the urine reacts with this test; a fallacy is, how- 
ever, possible from the presence of some compound, which, by giring up 
■nlphnr, may cause the formation of the black bismuth sulphide; to guard 
against this, ivhen an affirmative rcstilt has been obtained, another sample 
of urine is rendered alkaline with caustic poiassa solution and boiled with 
pulverized litharge; the powder slioiiid not turn black. 

Use may also be made in this test of un alkaline solution of bismuth, 
made by dissolving four grams of Hochetlc salts in 100 grams of caustic 
|>otassa solution of sp. gr. 1.33, warming gently, and adding bismuth sub- 
nitrate as long as it dissolves (about two grams). A few drops of this so- 
lution are added to three or four cubic centimetres of the urine, which is 
then boiled. The reagent docs not tnep well. 

Severitfi, — A solution of sugar, mixed with good yeast and kept at 35°, 
it decomposed intocarbon dioxide and water. To apply the fermentation- 
test to urine, take three test-tubes, A, B, and C, place in each some washed 
(or compressed) yeast, fill A completely with the urine to be tested, ond 
plane it in an inverted position, the mouth below the surface of some of the 
■ams urino in another vessel (the entrance of air being prevented, during 
the inversion, by closing the opening of the tube with the finger, or a 
Oork on the end of a wire, until it has been brought below the surface of 
ie). Fdl B completely with some urine to which glucose has been 
, and C with distilled water, and invert them in the same way as 
A: B in saccharine unnc, and C in distilled water. I>eavo ail three 
tubes in a place where the temperature is about 25°, tor twelve hours, 
and then examine them. If gas have collected in B over the surface of 
tbe liquid, and none in A, the urine is free from sugar; if gas has collected 
in both A and B, and not in C, the urine contains sugar; if no gas has 
collected in B, the yeast is worthless, and if any gas be found in C, the 
ywst itself has given off CO,; in the last two cases the process must bo 
repeated %vith a new sample of yeast. 

(^uatititativedeterminationof fflttcote. — Mrst. — Si/ t/tepolartineter. — 
The filtered urine is observei) liy the polarisoope (see p. 31) and the mean 
of half a dozen readings taken as the angle of deviation; from this the 
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percentage of sugar is determined by the formula ^=:- 
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p=the weight, in grams, of glucose in 1 c.c. of urinn; c=the angle of 
devUtioti; /=lhc length of the tube in decimeters. The same formula 
may be used for other substances by substituting for ^7.G the vulue of 
\<t], for that Eubstanca. 

If the urine contain albumen, it must be removed, as it exerts an ac- 
tion on polarized light opposite to that of glucose. It is always prefer- 
able, if possible, to observe the urine without treatment for decoloriza- 
tlon; if, however, it be loo highly colored, some [reatment becomes neces- 
sary. The use of animal charcoal for this purpose should be avoided, as 
it retains a considerable quantity of sugar; the beat method is to add a 
known volume of lead subaoetate and filter, account being taken in the 
(wlculation of the dilution so caused. 

Second. — By apeci/ie gravity; RoberCs method. — The specifie gravity 
"f the urine is carefully determined at 25°; yeast is then added, and the 
mixture kept at 25° until fermentation is complete; the specific gravity is 
aeain observed, and will be found to be lower then before; each degreeof 
diminution represents 0.2196 grams of sugar in 100 c.c. of urine. 

Neither_/iVHe nor second gives strictly accurate results, even when care- 
fully conducted; the results are, however, sufficiently a 
purposes. 

7'hird. — liy Fehlina's tolution. — Of the many formulre 
solutions, the one to which we give the preference is that 
Two solutions are required: 



; for Fehling^ 
of Dr. PiffanL I 



I. Cuprio sulphate (pure, ervstals) 51.98 grama. 

Water ! . . . _ 500.0 c.c, 

II. Rochello salt (pure, crystals) 259.9 grams. 

Sodio hydrate solution, sp. gr. 1.12 1000.0 c.e. 

When required for use, one volume of No, I. is mixed with two xtA- % 
umes of No. II. The copper contained in 20 c.c. of this mixture ia p»- [ 
eipitated as cuprous oxide by 0.1 gram glucose. 1 

To use the solution, 20 c.c. of the mixed solutions are placed in a flask 
of 250 — 300 C.C. capacity, 40 c.c, of distilled water are added, the whole 
thoroughly mixed and heated to boiling. On the other hand, the urine 
lo bo tested is diluted with four times its volume, if poor in sugmr, and 
with nine times its volume if highly saccharine (the degree of dilution 
required is, with a little practice, readily determined by the appearance 
of the deposit obtained in the qualitative testing); the ^vater and urine 
are thoroughly mixed and a burette filled with tlie mixture. A few drops 
of aqua ammonite are added to the Fehling'a solution and the diluted 
urine added, in small portions toward the end, until the blue oolor is 
entirely discharged — the contents of the flask being made to boil brisklj 
between each addition from the burette. When the liquid in the flant 
.shows no blue color when looked through with a white background, 
the reading of the burette is taken; this reading, divided by Gve if the 
urine was diluted with four volumes of water, or by ten if with nine 
volumes, gives the number of cubic centimetres of urine containing 0.1 
gram of glucose; and consequently the elimination of glucose IT 
twenty-four hours, in decigrams, is obtained by dividing the number 
ctibio centimetres of urine iu twenty-four hours by the result obtainad 
above. 
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Meample. — 20 o.o, Feliling'a solution used, and urine diluted witli f. mr 
volumes of water. 

Rf^adiug of burette: 3C.5 o.c. — ^— = 7.3 c.o. urine contain 0.1 gram 

glucose. Patient is passing 3,431) c.e. urine in twenty-four hours. 

~'ifn — = 333.6 decigr. = 33.30 gram glucose in twenty-four hours. 

The accuracy til the determination may bo controlled by filtering off 
some of the lluid from the flask at the end of the reaction; a portion of 
the filtrate is acidulated with acetic acid and treated with potassium fer- 
rocyanide solution; if it turn reddish brown, the reduction has nut been 
complete, and the result is affected with a plus error. To another portion 
of the nitrate a few drops of cupric sulphate solution are added and the 
mixture boiled; if any precipitation of cuprous oxide he obscrred, an ex- 
cess of urine has been added, and the result obtained is less than tha 

This method, when carefully conducted with accurately prepared and 
undeteriorated solutions, is the best adapted to clinical uses. The copper 
solution should be kept in the dark, in a well-closed bottle, and the stopper 
and neck of the No. II. solution should be well coated with paraffin, 

Fo^trth, — Gravimetric method. — \Vhen more accurate results than 
are obtainable by Fehling's volumetric process are desired, recourse must 
be had to a determination of the weight of cuprous oxide obtained by 
reduction. A small quantity of freshly prepared Fehling's solution is 
heated to boiling in a small nosk; to it is gradually added, with the pre- 
camiona obaerved in the volumetric method, ft known volume o( urine, 
such that at the end of the reduction there shall remain an excess of un- 
reduced copper salt. The flask is now completely filled with boiling water, 
corked, and allowed to cool. The alkaline fluid is separated as rapidly 
as possible from the precipitated oxide by decantation and filtration 
through a small duuble filter, and the precipitate and flask repeatedly 
washed with hot water until tlie washings are no Ioniser alkaline; a small 
portion of the precipitate remains adhering to the wiiUs of the flask. The 
tilter and its contents are dried and burned in a weighed porcelain cru- 
cible; when this has cooled, the flask is rinsed out with a small quantity 
of nitric acid; this is added to the contents of the crucible, evaporated 
over the water-bath, the crucible slowly heated to redness, cooled, and 
weighed ; the difference between this last weight and that of the crucible + 
that of the filter-ash, is the weight of cuprio oxide, of which 220 parts=100 
parts of glucose. 

Idevuloae — UncryatnUizablc sugar — forms the uncrystallizable por- 
tion of the sugar of fruits and of honey, in which it is associated with 
glucose; it is also produced artiBcially by the prolonged action of boil- 
ing water upon invUn, and as one of the constituents of inverted sugar 
(see p. 308). It may be separated from inverted sugar by adding calcio 
hydrate, expressing the soluble calcium-glucose compound, suspending 
the sparingly soluble lievulose-calcium compound in water, decomposing 
with oxalic acid, and evaporating the solution. 

Licvulose is not capable of orystallisation, but may be obtained as a 
thick syrup ; very deliquescent anil soluble in water, insoluble in absolute 
alcohol; it is sweeter but leas readily fermentable than glucose, which it 
equals in the readiness with which it reduces ciipro-potaasio solutions. 
Its prominent physical propcrtv, and that to which it owes its nam«, U 
^'0 
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its stron;^ left-handed polarization, [«]„= — lOC at 15°. When heal 

to 170% it is converted into ilia solid, dinorphous Icnulusaii, C.H O,. 

Mannitose is obtained by the oxidation of mannite, nhosa aldehy 
it probably is. It is a yellow, un crystal lizable sugar, having many of thi 
citaractcrs of g'lucose, but being optically inactive. 

G-alactoss — sometimes improperly called lactose- 
action of dilute acids upon lactose, mUk-sugar, as gl 
saccharose. It differs from glucose in crystallizing 
very sparingly soluble in cold alcohol, in its action 
[a],= + 83.23", and in being oxidized to mucic acid 

Inosite — Muscle-sugar — exists in the liquid of ; 
lungs, kidneys, liver, spleen, brain, and blood; pathologically, in thB 
urine in Bright's, diabetes, and after the use of drastics in unemia, and 
in the contents of hydatid cysts; also in the seeds and leaves of certain 
plants. What the source and function of inosite in the animal economy 
may be Is still a matter of conjecture. 

It may be prepared from muscular tissue or from greo) 
latter are reduced to a pulp, boiled with water for half an hoc 
the liquid reduced to a ayrup over the water-hath, treated 
until a persistent deposit is formed, and set aside; crystalli 
inosite separate. 

It forms long, colorless, monoclinic crystals, containing t- 
of water of crystallization, usually arranged in groups having a cauliflowei^ 
like appearance. It effloresces in dry air; has a distinctly sweet taste; is 
easily soluble in water, difGcultly in alcohol; insoluble in absolute alcohol 
and in ether; it is without action upon polarized light. 

The position oE inosite in this series is based entirely upon its cbem- 
icai composition, as it does not possess the other characteriatics of ihe 
group. It does not enter directly into alcoholic fermentation, although 
upon contact with putrefying animal matters it produces lactic and butyric 
acids; when boiled with barium or potassium hydrate, it is not even col- 
ored; in the presence of inosite, potash precipitates with cnprio sulphate 
solution, the precipitate being redlssolved in an eKcess of potash; but na 
reduction takes place upon boiling the blue solution. 

The presence of inosite is indicated by the loHowingreactions: Scheret't, 
— Treated with nitris acid, the solution evaporated to near dryness, and 
the residue moistened with ammonium hydrate and calcium chloride, and 
again evaporated; a rose-pink color is produced. Succeeds only with 
nearly pure inosite. GaUoi^. — Mercuric nitrate produces, in solutions of 
inosite, a yellow precipitate which, on cautious heating, turns red; tbs 
color disappears on cooling, and reappears on heating. 

Sorbiii — obtained from the fermented juice of berries of the moi 
tain ash, in which it is formed by the decomposition of malic acid, 
forms colorless crystals, sweet, hard, and transparent ; very soluble 
water; very sparingly soluble in hot alcohol; its solutions are Iffivogyroua, 
[n]B=— 35.07°; are not fermentable, but reduce Fehling's solution. 

Ehioalln — formed by the fermentation of melitose; it appears as A 
faintly sweet, syrupy liquid; dextrogyrous, [a]B^=-|-50° about; it reduce^, 
cu pro-potass ic solutions, and is oxidized by nitric acid to oxalic acid. 
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Saooharoses, C„n„0,,. 



Saccharose — Cane-sugar — Seet-sugar — is by far the moat importaut 
member of the group; it hus been known from early antiquity, and is 
very abundant in vegetable nature; it exists in many roota, fruits, and 
grasses, and is produced principally, not to gay exclusively, from the Bugar- 
cane, aaccharutn ojfficiuarum, sorghum, torghum aaccfuiratuin, beet, btlit 
vulgaris, and sugar-maple, acer gaccharinutn. 

For the extraction of sugar from the canes, these are crushed, the ex- 
pressed juice is drawn off into large pans, in which it is heated to about 
100°; milk of lime is now added, which causes the precipitation of impu- 
rities, albumen, wax, calcic phosphate, etc.; the clear liquid is drawn ofF, 
and "delimed" by passing a current of carbon dioxide through it; the 
clear liquid is again drawn off and evaporated, during agitation, to the 
crystallizing-point; the product is drained, leaving what is termed "raw" 
or " muscovado " sugar, while the liquid which drains off is molasaea, 
Syrupua fascua (U, S.). The sugar so obtained is unfit for human con- 
sumption, and is purified by the process of "refining," which consists es- 
sentially in adding to the raw sugar, in solution, albumen in some form, 
filtering first through canvas, afterward through animal charcoal; the 
clear liquid is evaporated in " vacuum-pans " at a temperature not exoeed- 
ing Ti", to the crystallizing-point ; the product is allowed to crystallize in 
earthen moulds, a saturated solution of pure sugar is poured upon the 
crystalline mass in order to displace the uncrystafUzable su^ar which still 
remains, and the loaf is finally dried in an oven. The Hqmd displaced as 
above is what is known as " sugar-house syrup," a product which is now, 
however, largely and fraudulently produced from artificial glucose. 

Pure sugar should be entirely soluble in water; the solution should not 
turn brown when warmed with dilute potassium hydrate solution; should 
) Fehling'a solution; and should give no precipitate with amux>- 



Beet-sugar i 



the same as cane-sugar, except that, as usually met 
wiin in flommerco, it is lighter, bulk for bulk. " Sugar-candy," or " rock- 
candy," is cane-sugar allowed to crystallize slowly from a concentrated 
solution without agitation. Maple-sugar is a partially refined, but not 
decolorized variety of cane-sugar. 

Saccharose crystallizes, as usually seen, in small, white, monoclinio 
prisms; or as sugar-candy, in large, yellowish, transparent crystals; sp. 
gr. 1-GOG. It is very soluble in water, dissolving in about one-third its 
weight of cold water, and more abundantly in hot water; it is insoluble 
in absolute alcohol or ether, and its solubility in water is progressively 



of alcohol 



A,n< 



diminished by the addit 

are dextrogyrous, [«].= ■(- 73.8 

When saccharose is heated to 1C0° it fuses, i 
solidifies to a yellow, transparent, amorphous 
sugar"; at a slightly higher temperature it i 
and Iffivulosan; at a still higher temperature 
glucose already formpd is converted mto glu( 
of water is more abundant, and there r 



< solutions of oanc-BUgar 



.nd the liquid, on cooling, 
mass known as "barley- 
decomposed into glucose 
water is given off, and the 
; at 210° the evolutioa 
own material known as 
"caramel," or " burnt sugar,'' a tasteless substance, insoluble in strong 
alcohol, but soluble in water or aqueous alcohol, and used to communiuate 
color to spirits; finally, at higher temperatures, methyl hydride aud the 



308 GEITEBAL MBDIOAL 0HEMI8TBT. 

two oxides of carbon are given off; a brown oil^ acetone, acetic acid, and 
aldehyde distil over, and a carbonaceous residue remains. 

If saccharose be boiled for some time with water, it is converted into 
inverted svffar, which is a mixture of glucose and laevulose: 

C,.H..O,. + H.O = C.1I..0.+ C.H,.0. 

Sftoduffote. Water. Dextrow. LbtbIom. 

With a solution of saccharose the polarization is dextrogyrous, bat, after 
inversion, it becomes Isevogyrous, because the left-handed action of the 
molecule of lagvulose produced, [a], = —106°, is only partly neutralized 
by the right-handed action of the glucose, [a],»= 4-57.6®. This inversion 
of cane-sugar is utilized in the testmg of samples of sugar. On the other 
hand, it is to avoid its occurrence, and the consequent loss of sugar^ that 
the vacuum-pan is used in refining — its object being to remove the water 
at a low temperature. 

Those acids which are not oxidizing agents act upon saccharose in 
three ways, according to circumstances: 1st, if tartaric and other oi^granio 
acids be heated for some time with saccharose to 100° — 120% compounds 
known as saccharideSy and having the constitution of ethers, are formed; 
2d, heated with mineral acids, even dilute, and less rapidly with some or- 
ganic acids, saccharose is quickly converted into inverted sugar; 3d, con- 
centrated acids decompose cane-sugar entirely, more rapidly when heated 
than in the cold; with hydrochloric acid, formic acid and a brown, flocculent 
material (ulmio acid?) are formed; with sulphuric acid, sulphur dioxide 
and water are formed, and a voluminous mass of charcoal remains. Ox- 
alic acid, aided by heat, produces carbon dioxide, formic acid, and a brown 
substance (humine ?). 

Oxidizing agents act energetically upon cane-sugar, which is a good 
reducing agent. With potassium chlorate, sugar forms a mixture which 
detonates when subjected to shock, and which deflagrates when moistened 
with sulphuric acid. Dilute nitric acid, when heated with saccharose, 
oxidizes it to saccharic and oxalic acids. Concentrated nitric acid, alone 
or mixed with sulphuric acid, converts it into the explosive nitro-saceha" 
rose. Potassium permanganate, in acid solution, oxidizes it completely 
to carbon dioxide and water. 

Cane-sugar reduces the compounds of silver, mercury and gold, when 
heated with their solutions; it does not reduce the cupro-potassic solutions 
in the cold, but effects their reduction when heated with them to an ex- 
tent proportional to the amount of excess of alkali present. 

When ground up with potash, or moderately heated with liquor po- 
tassas, cane-sugar does not turn brown, as does glucose; but by long ebul- 
lition it is decomposed by the alkalies much less readily than glucose, 
with formation of acids of the fatty series and oxalic acid. 

With the bases, saccharose is capable of forming definite compounds 
called sucratea (improperly saccharates, a name belonging to the salts of 
saccharic acid^. With calcium it forms no less than five compounds. 
Hydrate of calcium dissolves readily in solutions of sugar, with formation 
of a calcium compound, soluble in water, containing an excess of sugar; 
a solution containing one hundred parts of sugar in six hundred parts of 
water dissolves thirty-two parts of calcic oxide. These solutions nave an 
alkaline taste; are decomposed, with formation of a gelatinous precipi- 
tate, when heated, and with deposition of calcium carbonate and r^^nera- 
tion of saccharose, when treated with carbon dioxide. Quantities of cal« 
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oiutn sncTfttes are frequently introduced into sugars to incr«ue tbeir 
weight — an adulteration the less readily detected, as the sucrate dissolves 
with the sugar. Calcium sucmtea exist in the Llq. calcit saccharaitta 
(B. P.). 

Yeast causes fermentation of solutions of cane-sugar, but only after 
its conversion into glucose; fermentation is also caused by exposing a 
solution of sugar containing ammonium phosphate to the air. 

During the process of digestion, probably in the small intestine, cane- 
sugar IB converted into glucose. 

IiaotOBe — MiUc-mt'jar — Laetinf — Saccharum laclit (U. S., Br.) — has 
hitherto been found only in the milk of the mammalia. It may be ob- 
tained from skiin-milk by coagulating the casein with a small quantity of 
Bvlpburio acid, filtering, evaporating, redissolving, decolorizing with animal 
charcoal, and reorystalliziog. 

It fonns prismatic crystals; sp. gr. 1.53; hard, transparent, faintly 
sweet, soluble in six parts of cold water and in two and one-haif parts of 
boiling water, soluble in a::etic acid, insoluble in alcohol and in ether; he 
solutions are dextrogyrouH, [rt]„=+59.3°. The crystals, dried at 100", 
oontnins 1 aq., which they lose at 150°. 

Lactose is not altered by contact with air. Heated with dilute mineral 
or with strong organic acids, it is oonveried into galactose. Nitric acid 
oxidizes it to mucic and oxalic acids; a mixture of nitric and sulphuric 
acids converts it into an explosive nitro-compound. With organic acids 
it forms ethers. With Goda, potash and lime it forms compouiidH similar 
to those of saccharose, from which lactose may be recovered by neutraliza- 
tion, unless they have been healed to 100°, at which temperature they arc 
decomposed. If cupric sulphate solution be added to a solution of lactose 
and afterward potassium hydrate solution, a precipitate is farmed which 
i> redisaolved in an excess of alkali; the cupric compound in this solu- 
tion is reduced, on boiling, with precipitation of cuprous oxide. Lactose 
also reduces Fehting's solution. 

In the presence of yeast, lactose is capable of alcoholic fermentation, 
which takes place slowly and, as it appears, without previous transforma- 
tion of the lactose into either glucose or galactose. On contact with 
putrefying albuminoids it enters into lactic fermentation. 

The average proportion of lactose in different milks is as follows: Cow, 
6.6 per cent.; mare, 5.5; ass, 5.8; human, 5.3; sheep, 4.3; goat, 4.0. 
When taken internally, it Is converted into galactose by the pancreatic 
eecretion; when injected into the blood, it does not appear in the urine, 
which, however, contains glucose. 

SSaltose — A sugar closely resembling glucose in many of its proper- 
ties, and existing in malt, being the lirst product of the action of diastase 
upon starch. It crystallizes as does glucose, but differs from that sugar 
in being less soluble in alcohol and iu exerting a dextrogyratory power 
three times as great. 

Melitose is obtained from the sweet exudation formed by various 
species uf Australian eucalyptut (Australian manna), from which it may 
be axtraoted by solution in water, Uecolorization by animal charcoal, and 
orystallizntion. 

It crystallizes in long needles, with 3 aq., of whieh it loses two at 
100°, anil the last at 130°; it is very soluble in water, the solutions being 
Bweot, and dextrogyrous, ra]„= + i0li°. 

Dtluto acids convert it into glucose and eucalin; it is not colored when 
boiled with alkalies, nor does it reduce oupro-potassio solutions. 



MelezltOBe is obt&ined from an exudation of Xarix europasa (Brii 
{On manna). It formn amali, monocluiic prisois, sweet, efSoreocent, v 
soluble in water, Ica solutions are dextro^yrous, [a].=:94.1% do not re- 
duce cupro-potaasio solutions, are not fermeutable, and are converted, hj 
boiling with dilute aoida, into solutions of glucose. 

Trehalose is obtained from a Turkish manna, known as trehala. It 
crystallizes in hard octahedra with 2 aq., which it loses at 1U0°. It does 
not reduce Fehling's solution; is not fermentable, is very soluble in water; 
the solution being dextrogyroua, [a]„= + 220°. 

Myoose is a sugar existing io ergot. It rosombtes trehalose in all its 
properties, except that it does not entirely lose its water of crystallization 
at 100°, and that it has a lower dextrogyratory action. 

Synanthrose exists, accompanied by inuline and glucose in the ripe 
tubercles of dahlia, helianlhva, etc. It crystallizes with 1 a 
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Staroh — Amyhim — the most important 
widely disseminated in the vegetable kingdc 
roots, stems, and seeds of all plants. 

It is prepared extensively for use in the arts and as an article of 
from rice, wheat, potatoes, maniot, beans, sago, arrow-root, etc The ^ 
cess generally followed consists in steeping the comminuted vegetablo 
tissue for a considerable time in water rendered faintly alkaline with 
soda; the softened mass is then rubbed on a sieve under a current of 
water, which washes out the atarch-granulea; the washings are allowed 
to deposit the starch, which, after washing by decautation, is dried at a 
low temperature. 

Starch is a white powder, having a peculiar slippery feel, but it aome- 
timea appears in short columnar masses. The granules of starch have a 
aimilar appearance from whatever soaroe they are obtained, yet those 
from different kinds of plants differ sufficiently to allow of their distinc- 
tion by microscopic examination. They are rounded or egg-sha]>ed 
masses, having in the centre or toward one end a spot, called the hilum, 
around which are a series of concentric lines, indicating the junctions of 
the various layers of which the granules are composed — these markings 
varying in character and distinctness in different plants. The main char- 
acters of the principal kinds of starch are given in the table on next page. 

Starch is not altered by exposure to air, from which, however, it ab- 
sorbs moisture; commercial dried starch contains eighteen per cent, of 
moisture, of which it loses eight per cent, in vacuo, and the remaining 
ten per cent, when heated to 145 . It is insoluble in alcohol, ether, cold 
acids, and cold water. If fifteen to twenty parts of water be ffradually 
heated with one part of starch, the granules swell at about 55 , and at 
80'' they have reached thirty times their original dimeuaious; their stmo- 
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tur« is no longer diatinguisbable, and the; form, bj their agglutination 
with each other, a translucent, gelatinous mass, commonly known as 
Btaroh paste; in this state the starch is said to be hydrated, and, if boiled 
with much water and the liquid filtered, a solution of starch paaaea 
tbrough, which is opalescent from the suspension in it of undissolved 
particles. Dilute solutions of the alkalies produce the same effects on 
Blsroh in the cold as Joes hot water. Hydrated starch is dextrogyrous, 

[«]„=-^-3l6^ 

ClIABACTKEfi OF StaECH-GbANULKS. 


From 


Avenge lile lu 


ShAp«. 


Hllum. 


Btogi 


Tous les mois 


.0939-.0469 
.Oa04— .0609 
.01 —.07 
.0375— .0327 
.0376— .0686 
.0370—.... 
.0342— .... 


Oval 


Ex 


In. r. a 

In. CL 
CI."" 

a. 

Ft."" 
Ft. C. 

In.' CI.' 

Ft. 

Ft. 

^M 
^M 
^H 


Curcuma arrow-root 

M&ranta arrow-root 

Natal arrow-root 


Irre^.oval.. Ex, ft... 

Ovoid Central.. 

Ovoid :Ex 

Ciro. ovate , Central. . 

Ovoid ICl 

Ovoid CI 

Pear [CI 

Elongated .iFt 

Oval CI 

Oval Stellate , 

Oval Stellate . 

Oval Linear . . 




Galangal 








Turmorio 

Bun 


.0376— .... 
,0343 .... 


Pea 


.0177—0282 
.0283— .... 
.005 —.0005 
.014 — . . . . 
.0188—.... 
.0188— .... 
.0032— .216 
.0185— .07 
.0375— .0022 
.0022— .022 
.0188— .... 
.0282— .066 
.0188— .014 
.014 — .... 
.0094—.... 
.019 —.0094 
.0076— .005 













Dari 




Maize . . 


Round ' 


Wheat 


Round [Inv 

Round .Inv 

Round .,..!lnv 

Elliptic. ...jInv 

Round ....lEx 

Oval IKx 














Arum arrow-root 


Truncated. . 




Tahiti arrow-root 

Bice 


Truncated. . Stellate . 
Polygonal.. ISiellate. 




Ex—exoentrios In. = incomplete; F.=finc; R.=regular; Ft.=faint; ^| 
Cl.=oleBrly defined; C.=oomplele; Inv.=invi»ible. ^1 

When subjected to dry heat, the granules of starch swell and burst; ^H 

fused mass, composed principally of pyrudaztrin. Hydrated starch is ^^| 

be prolonged, the new product ia changed to gluooae. ^^H 
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If starch be ground up with dilute sulphuric acid, after about half an 
hour the mixture gives only a violet color with iodine (see below) ; if uow 
the acid be neutralized with chalk and the filtered liquid evaporated, it 
yields a white, granular product, which differs from starch in being sol- 
uble in water, especially at 50% and in having a lower rotary power, 
[a]p= +211°. If the action be prolonged, the value of [a]» continues to 
sink until it reaches +73.7% when the product consists of a mixture of 
dextrin and glucose. Concentrated nitric acid dissolves starch in the 
cold, forming a nitro-product called ocylodin or pyraxamy which is insol- 
uble in water, soluble in a mixture of alcohol and ether; explosive. Hy- 
drochloric and oxalic acids convert starch into glucose. When starch is 
heated under pressure to 120° with stearic or acetic acid, compounds are 
formed which seem to be ethers, and to indicate that starch is the hydrate 
of a trivalent, oxygenated radical, (C,H,0,)"'. Tannic acid produces in 
cold solutions of starch a precipitate, soluble at 50°, and deposited on 
cooling. Potash and soda in dilute solutions convert starch into the sol- 
uble modification mentioned above. 

A dilute solution of iodine produces a more or less intense blue-violet 
color with starch, either dry, hydrated, or in solution, the color disappearing 
on the application of heat, and returning on cooling; if to a solution of 
starch, blued by iodine, a solution of a neutral salt be added, there sep- 
arates a blue, flocculent deposit of the so-called iodide of starch. Iodine 
renders starch soluble in water, and a soluble iodized starch is obtained 
by triturating together nine parts of starch, two parts water, and one part 
iodine; the mixture is then heated over the water-bath for tw^o hours, 
cooled, and precipitated by the addition of the proper quantity of alcohol. 

The amount of starch contained in food vegetables varies from about 
five per cent, in turnips to 81) per cent, in rice, as will be observed in the 
following table: 



Composition of Vegetable Foods. 





Nitro^n- 
ixcd matter. 


starch. 


Dextrin, 
etc. 


Cellu- 
lose. 


Pat. 

2.61 
!2.19 
|9.26 
1.96 
1.87 
9. 95 
2.76 
6.60 
880 


Mineral 
matter. 


Carbo- 
hydrata. 


1 
WaU 


1 ■ 

^, VefEetable 
^' fibx«,etc 


1 
Aothortty. 


Whmt, hard 

Wheat, hard 

Wheat, hard 

Wheat, Bemi-hard.. 

Wheat, ■oft 

Rye 

Barley 


S2.75 

19.50 

90.0 

16.2.5 

13.65 

18.60 

12.9G 

14.89 

IS 60 

7.65 

14.46 

10.80 

8.10 

12.G0 

13.10 

S2.86 

19.0 

80.80 

29.r6 

S5.60 

S8.80 

S5.90 

S.60 

9.10 

1.60 

1.80 

1.10 

1.90 


6afi9 
66.07 
68.80 
70.06 
76.61 
64.66 
66.43 
60.69 
67.56 
88.66 

• • • 

• • • 

• • • 

• • • 

64.90 
66.80 
60.0 
48.80 
65.85 
65.70 
58.70 
66.0 
90.0 
18.80 
16.05 
8.40 
9.60 
6.10 


9.60 
7.60 
8.0 
7.0 
6.05 
14.90 
10.0 
9.96 
4.0 
1.0 

• ■ • 

• • • 

• • • 

• ■ • 

• ■ • 

• • • 

■ • • 

• « ■ 

• ■ • 

■ • • 

1.09 
8.90 
10.90 
6.10 
5.80 
9.10 


8.60 

8.0 

3.10 

8.0 

9.80 

8.10 

4.76 

7.06 

6.90 


8.09 
1 9.71 

, 9.76 
9.19 

1 9.60 
, 8.10 
a25 
l.SS 
0.90 
1 1.60 
1.70 
9.80 
8.0 
9.60 
5.06 

8.'60 

8.66 

8.90 

9.10 

9.80 

1.26 

0.70 

9.6G 

1.0 

1.0 

0.60 


• • • 

• • « 

• ■ * 

• • • 

• ■ • 

• • • 

• • • 

• • • 

• a • 

68.'^ 
70.60 
61.00 
63.80 

• • • 

■ • • 

■ • • 

• • • 

■ • ■ 

• • • 

• • • 

• • • 

• ■ ■ 

• • ■ 

• • • 

• • • 

• • ■ 

• • • 


• • 

• • 

• • 

• • 

• • « 
a • 1 

• • < 

• • 4 

• • 4 

• • « 

14.9 
15.0 
87.0 
16.0 
18.0 

• • • 

16.0 

19.6 

8.4 

9.9 

8.9 

11.6 

74.0 

750 

67.6< 

68.0 

89.0 

91.0 


K • ■ 
• • • 
» • • 
1 • • 

» • • 
• • 

s 

9!68 

;; 
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Payra. 
PiRyen. 
Payen. 

Payen. 
Payen. 
Payen. 


o«t«. 


Payen. 


Haire 




Rioe 


1.10 


080 


Payen. 


Flour 


• • 


1.25 
9.0 
1 60 


Payen. 


Flonr. 


Letheby. 


Brvad 


Letheby. 


Oatmeal 


!! '660 


Letfae^. 


Buckwheat 

Qninoa aeeda. 

Quinoa flour 

Horae-bean 

Broad bean 

White bean 

2>ac, dried 

Lentils 


8.60 

• • 

• • 

8.0 

1.05 

9.09 

8.60 

9.40 


8.0 

6.74 

5.0 

1.90 

2.0 

9.80 

9.10 

9.60 


Pfeyen. 

Voeldcer. 

VoddDer. 

Payen. 

Payen. 

Payen. 

Payen. 

Payen. 


Potato 


1.04 0.11 


Payen. 


PoUto 

Bweet potato 

Carrota 


1 
0.46 


0.20 
0.80 
90 


Letheby. 

Payen. 

Letheby. 


Pamdp 


• • 

• • 


0.60 

• • 


Letheby. 
Letheby. 


Turnip 
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Starch h&s not been found in the animal economy outside of the ali- 
mentary canal, in which, as a prerequisite to its abiorption, it must be 
converted into deKtriu and glucose. This change is partially eHected by 
the action of the saliva, more rapidly with hydrated than with dry starch, 
and more rapidly with the saliva of some animals than that of others, those 
of man and of tho rabbit acting much more quickly than those of the hoi 
and dog. The greater part of the starch taken with the food passes in 
the small intestine unchanged; here, under the influence of the pancreatic 
ferment, the most complete tranaformauon into glucose, and of a portioi 
into lactic and butyric acids, takes place. If, however, the diet is abnor 
mallv rich in starch, a portion is wasted, passing out unchanged in the 
fiBoes. 

Olyoogen. — This interesting body, which has been the subject of 
much discussion, was discovered by CI- Bernard in the liver, and sub 
■equently in the placenta; it has also been found to exist in white bluod- 
corpuBcies, pus-cells, young cartilage -eel Is, in many embrionic tissues, and 
in muscular tissue. During the activity of muscles the amount of glyco- 
gen which they ^ontain is diminished, and that of sugar increased. 

It is best obtained from the liver; the organ is removed as quickly as 
possible after death, ground or cut into small pieces, which are immedi- 
ateir thrown into boiling water; it should not be subjected to prolonged 
boiling, but, the water being poured off, the pulp is expressed and tho 
united liquids filtered and evaporated over the water-bath to a small 
bulk; the cooled solution is precipitated with glacial acetic acid, or, bet- 
ter, with ulcoiiol; the precipitate is collected, redissolved in water; the 
solution filtered through animal charcoal, and again, after concentration 
if necessary, precipitated by alcohol. 

Pure glycogen is a snow-white, floury powder; amorphous, tasteless, 
and odorless; soluble in water, insoluble in alcohol and ether; in water it 
■wells up at first, and forms an opalescent solution, which becomes clear 
on the addition of potash. According to Hoppe-Seyler, its solutions are 
dextrogyrous to about three limts the extent of those of glucose. 

Dilute acids, ptyaliu, pancreatin, extract of liver-tissue, blood, dias- 
tase, and albuminoids convert glycogen into a sugar having all the prop- 
erties of glucose. Cold nitric acid converts it into xyloidin; on boiling, 
into oxalic acid. Its solutions dissolve cupric hydrate, which is, how- 
ever, not reduced on boiling. Iodine colors glycogen wine-red. 

Concerning the method of formation of glycogen in tho economy, but 
little is known with certainty; there is little room for doubting, however, 
that while the bulk of thi: glycogen found in the liver results from mod- 
ification of the carbohydrates, it may be and is produced from the al- 
buminoids as well. The ultimate fate of glycogen is undoubtedly its 
transformation into sugar under the influence of the many substances 
existing in the body capable of provoking that change. 

Dextrin, JiritUh r/uin, a substance resembling gum arable in appear- 
ance and in many propurtiea, is obtained by one of three methods: Isl, 
by subjecting starch to a dry heat of 175°, known as the baking process; 
2d, bj heating starch with dilute sulphuric acid to 90" until a drop of 
the liquid gives only a wine-red color, neutralising with chalk, filtering, 
oonoenlrating, precipitating with alcohol; the product so obtained almost 
always contains glucose; 3d, by the action of diastase (infusion of malt) 
upon hydrated starch; as soon as the starch is dissolved the liquid must 
be rapidly heated to boiling to prevent saccharification. The product is 
also usually cuntamiuated with glucose. 
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Dextrin Is &oolorleas, or yellowish, amorphous powder, soluble 
in &U proportions, forming syrupy liquids; when obt&ined by evapomlioiil 
of its solution, it forms masses resembling gum arable in appearanoi 
Dextrogyrous, [a], = + 138.88°. 

Nitric acid osidizea dextrin, not to mucic acid, as it does the gun* 
but to oxalio acid; a mixture of nitric and sulphuric acids converts i 
into a diiiitro-compound. I^extrin reduces the cupro-potassic solutions 
at 85°. By iodine it U colored iight wine-red. 

Dextrin has been found to exist in the blood, lungs and other organs 
of oarnivora and herbivora, and in the contents of the intestine. 

^nMMn — Jlidenin — Da/tiinin — Menyanthin — a substance resembling 
etarcti, obtained from the roots uf certain vegetables; it differs from starch 
in being converted by prolonged contact with boiling water into a bevogy- 
rous, uncrystallizable sugar; in being itself icevogyrous, [<!]„=— 34. 4° 
(f), in not being colored blue by iodine, and in reducing, wnen heated, in 
the presence of ammonia, the salts of copper and silver. 

Tunioin, a cellulose-like substance which constitutes the organic 
portion of the mantle of certain molluscs. It withstands the action of 
reagents better than cellulose, but may be converted into a sugar by sul- 
phuric acid. 

CelluloBS— Ce/;«/i/i — Zii/nin — forma the basis of all vegetable tis- 
sues; it exists, almost pure, in the pith of elder and uf other pUnis, in the 
purer, unsized papers, in cotton, and in the silky appendages of certain 
seeds. Cotton, freed from extraneous matter by boiling witli potash, and 
afterward with dilute hydrochloric acid, yields pure celTulose. 

It is a white material, having the shape of the vegetable structure 
from which it was obtained; insoluble in the usual neutral solvents, but 
soluble in the deep blue liquid obtained by dissolving oopper in ammonia 
in contact with air. 

By the action of reagents upon cellulose, as paper and cotton, several 
TtJuable products are obtained. 

YegetabU parchment, at parchment paper, a tough material, possess- 
ing all the valuable properties of parchment, is made by immersing un- 
sized paper for an instant in moderately strong sulphuric acid, wasbioyj 
thoroughly, and drying. B 

NUro-ceUvioiie. By the action of nitric acid upon cellulose, cotton, 
three different products of subHtitution may be obtained: Dionoititro-cA- 
bUote, soluble in acetic acid, insoluble in a mixture of ether and alcohol; 
dinitro-ceilulose, insoluble in acetic acid, soluble in a mixture of ether 
and alcohol; (n»(ft-o-cetfw/o«e, soluble in both the above solvents. Pro- 
ducts known as gun-cotton or pyroxylin, composed of varying proportions 
of these three derivatives, are obtained for use in I he arts. When gun-cot- 
ton is required as an explosive agent, the process is so managed that the 
i)roduct shall contain the greatest possible proportion of trinitro'cellu- 
ose, the most readily inllammable of the three. When required for tb« 
preparation of collodion for use in medicine or in photography, dinitro- 
cellulose is the most valuable. To obtain this, a mixture is made of equal 
weights of nitric and sulphuric acids (of eacli about five times the weight 
of the cotton to be treated): in this the cotton is immeraed and well 
stirred for about three minutes, after which it is well stirred in a large 
vessel of water, washed with fresh portions of water until the wushii^ 
■re no longer precipitated by barium chloride, and dried. Coliodion 
u. solution of dinitro-oellulose in a mixture of three volumes of ether 
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1 is the soluble portion of gum arable and gum Senegal — Aca- 
. P.) — in which it exists in coinbinatiou with potassium and 
To separate urabin, gum arabic is dissolved in water acidulated 
with hydrochloric acid, and precipitated by alcohol. It is a white, amor- 
phous, tasteless substance, which is not colored by iodine; is oxidized by 
nitric acid to mucio and sacchario acids; is converted by sulphuric acid 
into a non-fermentable sugar, araf/itiose ; and has the composition, 
C„H 0,. + ! Aq. 

JianKttrin constitutes the greater part of gum tragaoanth; it is 
soluble in water, hut swells up to a jelly in that fluid. 

Ceriutiti is an insoluble gum exuded by cherry- and plum-trees; water 
acts upon tt as upon bassortn. 
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yms SERIES OF HYDROCARBONS. 



The hydrocarbons of this series are the starting-points from which 
the major part of that numerous and important cUbb of aubstances usually 
obtainable or derivable. Those of the soriet 



present known are: 

Benzene... C,n, .. boils at 80.4' 
Toluene . . . C,n, . . boils at 110.3' 
Xylene .... C,H„ . . boils at 142.0' 



I Cumene . 
Cymene . 



. boiis at lfil.4' 
. boils at 175.0° 
. boils at 188.0° 



Bemol— phenyl hi/dritle — C H, (not to be confounded with the & 
moroial bemitte, a mixture of hydrocarbons of the series C„H,,^.„ 
tained from petroleum). — This important substance, which may be ( 
aidered as the basis of all the aromatic compounds, was discovered by 
Faraday in 1825, among the products of the distillation of the fatty c" 
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3 the decomposition of ona 
:id; this substance ia intimately mixed with 
ind the mixture heated to dull redness In an 
earthenware retort connected with a well-cooled receiver; the upper layer 
of distilled liquid is separated, shaken with potassium hydrate solution, 
again separated, dried by contact with fused calcium chloride, and redis- 
tilled over the water-bath. 

Kor use in the arts, and for most chemical purposes, benzene : 
tainnd from coal- or gas-tar, an exceedingly curnplex mixture, < 
e forty or fifty substances, among which are: 
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HTDROCABBON& , 


ACID& 




Babks. 


Benzene. 


Aoenaphthalene. 


Garbolia 


Pyridine. 


IridoIinflL 


Toluene. 


Fl'jorene. 


Cresylia 


Aniline. 


CzypUdine. 


Xylene. 


Anthracene. 


Phloiylio. 


Picoline. 


Acridine. 


Cumene. 


Retene. 


Roeolio. 


Lntidine. 


Goridine. 


Cymene. 


Chrysene. 


OxyphenioL 


Gollidine. 


Rubidine. 


Naphthalene. 


Pyrene. 




Leuooline. 


Yiridine. 



By a primary distillation of coal-tar the most volatile constituents, in- 
cluding benzene, are separated as light oil; this is washed, first with sul- 
phuric acid, and then with caustic soda, and afterward redistilled; that 
portion being collected which passes between 80^ and 85^. This is the 
commercial benzene^ a product still contaminated with the higher homo- 
logues of the same series, from which it is almost impossible to separate 
it, but whose presence is rather advantageous than otherwise to the prin- 
cipal use to which benzol is put — the manufacture of aniline dyes. 

Benzene is a colorless, mobile liquid, having, when pure, an agreeable 
odor; sp. gr. 0.86 at 15°; crystallizing at -|-4.5®; boiling at 80.6*'; very 
sparingly soluble in water, soluble in alcohol, ether, and acetone. It dis- 
solves iodine, sulphur, phosphorus, resins, caoutchouc, gutta-percha, and 
almost all the alkaloids. It is inflammable, and burns with a luminous, 
smoky flame. 

Benzene unites with chlorine or bromine to form products of addi- 
tion, or of substitution; the corresponding iodine compounds can only be 
obtained by indirect methods. Sulphuric acid combines with benzene to 
form a neutral substance, sulpho'benzidej when the anhydrous acid is 
used, and phent/l-siUphurous acid with the ordinary sulphuric acid. 

The action of nitric acid upon benzene is of great commercial inter- 
est; if fuming nitric acid of sp. gr. 1.52 be slowly added to benzene, a 
reddish liquid is formed; from which, on the addition of water, a reddish 
yellow oil separates, and is purified by washing with water and with so- 
dium carbonate solution, drying and rectifying; this oily material is mono- 
nitro-benzene (see pp. 319, 333). If benzol bo boiled with fuming .nitric 
acid, or if it be dropped into a mixture of nitric and sulphuric acids, so 
long as the fluids mix, a crystalline product, dinitro-hemeney is formed. 

T?ie constitution of benzene, the nucleus of the aromatic compounds, 
differs much in character from that of the hydrocarbons of the series hith- 
erto considered, and is of importance in connection with the formation of 
its numerous derivatives. Writing the molecular formulae of the sixth of 
each of the first three series (the constitution of those of the terebentheue 
series is still doubtful) we have: 



First Seriea. 

C.H. 
C = H. 



Seoond Serioa. 

O.H. 



Third Serioi. 

C = H, 



C = H. 



C = H, 



C = H. 



C = H. 



1 



C = H. 



(J = H. 



= H. 



C = H. 



C = H, 



C.H., 



(J-H 

li 

C = H, 
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O-H 



C.H.. 



BEKZENE. 317 

and those of the second term (the first being necessarily absent in the 
second and third series): 

C = H, C = H, C - H 

C=H, C = H, C-H 

C,H, C,H, C,H, 

It will be observed that in each of these the chain of carbon atoms is 
an open one, and that the series differ in this, that in the first, each of the 
atoms of carbon exchanges with its neighbor a single valence; in the 
second, two neighboring carbon-atoms exchange two valences between 
them; and that in the third there is an exchange of three valences be- 
tween two neighboring carbon-atoms. And, further, that in terms above 
the second in the first two series, and the third in the third series, supe- 
rior homologues may be considered as formed by interpolation of CH, in 
the chain of the one next below. 

In the case of benzene, Kekulo has advanced the theory, according to 
which alone the formation of the benzene derivatives can be explained, 
and against whose adoption no reason based upon experiment has been ad- 
vanced; that the carbon atoms of the benzene molecule are arranged, not 
in an open, but a closed chain, that they exchange with each other alter- 
nately one and two valences, and that consequently the molecular for- 
mula of benzol is: 

H 



H/\/\H 



i 



Further, that the superior homologues of benzene are derived from it 
by the substitution of CH, for H, and that all the derivatives of benzol 
are formed by such substitution of a group or groups for an atom or atoms 
of hydrogen, in such a way that they all contain one or more groups of 
six atoms of carbon arranged as above: 

H H 

i 

H-C C-C = H. H-C C-O-H 

J " I II 

H-C C-H H-C C-H 
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FtaflBol (owboUo add). 
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Tulitol — Methyl-benzene — C,Hj,Cn, — exists in the products of distillar 
tiori of wood, coal, etc., and as one of the constituents of coniniercial b 
Sene; in Rangoon tar, a native mineral oil. It has been formed svnil 
ally by acting upon a mixture of monobromo-henzene and methyl ii 
with sodium. It is obtained, with considerable difficulty, by fractional 
distillation from coal-tar. 

It is a colorless liquid, having a peculiar 
that of benzene; boiis at 110.3°; does not i 
at 15°; almost insoluble in water, soluble i 
phide. It burns with a bright, but very sn 

It yields a number of derivatives simih 
which may be mentioned ntlrO'Colitene and tolutdine, the homologuet 
nitro-beuzene and aniline, whioh accompany those substances ii 
mercial products; creaylol, the superior homologue of carbolic acid, andj 
benzylic alcohol. 

Xylene — Xylol — DimethyUbfnzene — G,H (CH^) — accompanies its in* 
ferior homologues in coal-tar. When pure it is a liquid of an aromatic 
odor; sp. gr. 0.865 at 20°; boils at 14!!°; insoluble in water, soluble in 
ether, benzene, etc., sparingly soluble in alcohol. 

There are three isomeric substances having this composition, and 
differing in the position in which the substituted CII, groups are placed. 
£ach of these corresponds to a series of derivatives parallel to those of 
benzene. 

Cumene — Cvmot — Propyl-bemene — C.H^ (0,11,) — is obtained by dis- 
tilling a mixture of cuminio acid and Hme, as oenzene is prepared from 
benzoic acid. It is a limpid liquid, having a strong aromatic odor; boils 
at 151.4°; insoluble in water, very soluble in alcohol and ether. i 

There are several isomeres of this substance, among which are paeudo- ] 
citmene, or trimethyl-benzene, C,H, (CH,)„ and mesitykne, or methyl-ethyU I 
beniene, C,H, {CH,){C,H ) ; each corresponding to a series of derivatives, j 

Cymene — Cymol — there are many isomeres, of which one exists ready 
formed in essence * . - i i . t. - i i .,,.., 

has an odor of lem 
but readily soluble in alcohol, ether, and e 

Laurene — is an imperfectly studied body, obtained by the decompo- 4 
sitionof camphor by zinc chloride. It tBacoforie&a liquid, boiling at 1^6"; 
sp. gr. 0.S87 at 10°. 



mlock. It is a colorless, oily liquid; 
; ap. gr. 0.867 at 16°; boils at 175°; insoluble in water, 



r 



Nitro-derivativ es. 



The products of this class &re quite numerouB, among them the only 
one calling- for consideration here is: 

Nitro^benzeDe — nitro-benzol — mono-nitro-bemene — essence of Mir- 
hau« — C,U,{NO,) — this important substance, whose production lies at tha 
root of the aniline industry, was discovered by Mitscherlich, and is formed 
by the action of nitric acid upon bcnzepe. 

Benzol is slowly added to fuming nitric acid, or to a minture of nitric 
and sulphuric acids, care being taken to agitate the mixture and to pre- 
vent elevation of temperature ; the nitro-benzene formed is decanted, 
repeatedly washed with solution of sodium carbonate and with water. 
The result of this process is auflicieutly pure for industrial uses; if re- 
quired ill a state of greater purity, it may be distilled — a process, however, 
attended with considerable loss. 

Nitro-benzene is a yellowish liquid; has a sweet taste and a pronounced 
odor of bitter almonds; sp. gr. 1.209 at 15°; boils at 213°; almost insolu- 
ble in water, very soluble in alcohol and ether. 

Chlorine and bromine do not attack it at ordinary temperatures. 
Concentrated sulphuric acid dissolves it, and, at the boiling temperature, 
decomposes it; boiled with fuming nitric acid, it is converted into binitro- 
benzene; with ordinary nitric or sulphuric acid, it may be distilled un- 
changed. It is attacked by potash with diiEcutty. 

The most important reaction of nitro-benaene is that with reducing 
Bgenta; a great number of which convert it into aniline {q. v.). 

Under the names essence of mirbaiie and artificial essence of bitter 
almonds, this substance has been used in perfumery to a considerable ex- 
tent — a use which cannot be too strongly condemned, ns nitro-benzol is, as 
well in the form of vapor as in that of liquid, an active poison. When 
I, it has caused death in 



taken internally, e 
several 



rops, 1 
although recovery has followed the taking of i 



a of its ' 



1, difB. 



■iderably larger dose. Inhalat 
with air, produces headache, 
irregularity, more or less loss of must 
Obviouslv, the frequent inhalation, even i 
lueh as this, is to be avoided. 

Nitro'ben«ol can be distinguished tro 
acid, which does not color the former; and by the action of acetic acid 
and iron filings, which convert nitro-benzene into aniline, whose presence 
ii indicated by the reactions on p. 333. 
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PhentdB. 

The hydrocarbons of this series, unlike those previously considered, 
form by substitution two distinct series of hydrates, which differ from each 
other materially in their properties. The terms of one of thes 
possess ail the functions of the alcohols, and are therefor knowi 
aromatic alcohols (see p. 323). The terms of the other scries differ i 
function from any substance thus far considered, and are 
phenoia, tbo dififereuce between theta and the aromatio alcohols being 
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probably due to the fact that in the phenols the OH is directly attached 
to a carbon atom, while in the alcohols it is substituted for an atom of 
hydrogen of a substituted hydrocarbon group, thus: 

H H 

H-C C-CH. H-C C-CH,OH 

I II I II 

H-C 0-OH H-C C-H 

\/ \/ 

c c 

Benzylic phenol. Ben^lio aloohoL 

The phenols differ from the alcohols in many particulars: in not fur- 
nishing by oxidation corresponding aldehyds and acids; in not dividing 
into water and hydrocarbon under the influence of dehydrating agents; 
in not reacting with acids to form ethers; in combining to form directly 
products of substitution with chlorine, bromine and nitrosyl; and in form- 
ing with metallic elements compounds more stable than similar compounds 
of the true alcohols. In short, the phenols appear to have, besides an 
alcoholic function, more or less of the function of acids. 



FhenoL 

Phenyl hydrate — Phenic acid — Carbolic acid — Acidum carbolicum 
(U. S., Br.) C,H,OH^-exists in considerable quantity in coal- and wood- 
tar, and in small quantity in castoreum, and possibly in urine. 

It is formed in a number of reactions: 1st, by fusing sodium phenylsul- 
phite with an excess of alkali; 2d, by heating phenyl iodide with potas- 
sium hydrate to 320°; 3d, by heating together salicylic acid and quick- 
lime; 4th, by total synthesis from acetylene; 5th, by dry distillation of 
benzoin. 

The source from which it is exclusively obtained is coal-tar, or rather 
that portion of the product of distillation of coal-tar which passes over be- 
tween 150° and 200 . This is treated with a saturated solution of potash 
containing undissolved alkali; a solid phenate is formed, which is dissolved 
in hot water; the liquid is allowed to separate into two layers, the lower 
of which is drawn off and neutralized with hydrochloric acid; the phenol 
rises to the surface, is separated, washed with water, dried over calcium 
chloride, redistilled, crvstallized at —10°, and the crystals drained. 

Pure phenol crystallizes in long, colorless, prismatic needles, fusible at 
35°, boiling at 187°. It has a peculiar, well-known odor, and an acrid, 
burning taste; very sparingly soluble in water, readily soluble in alcohol 
and in ether; sp. gr. 1.065 at 18°; neutral in reaction. On contact with 
the skin or with mucous surfaces, it produces a white stain; it coagulates 
albuminoids, and is a powerful antiseptic 



r 



821 

Phenol is capable of distillation without deoom posit ion, and at a red 
heat is only partiully decomposed, with forintttion of a. sinitll quantity oE 
naphthalin. Oti contact with damp air it abaorbs moisture to form a 
hydr&te, which crystalliiies in six-sided priams, fuaible at 10°, which loses 
its water at 187°. Vapor of phenol is reduced to bcnzeae when heated 
with zinc-filings. 

It combines with sulphurio acid to form aulpho-con jugate aoids 
(pbenylaulphiiric acids). With concentrated hydriodio acid at 3SU° it yields 
beusene. Nitric acid converts it into nitro-derivatives, differing with the 
oonoentration of the acid used; with an acid of 36° B. it forms trinitro- 
phenie or picric acid {q. v.). When heated with sulphurio and oxalic 
aoids, it forms a colored substance known as corallin or rosolic aeid; this 
is a mixture from which several beautiful pigments, aurin, peonin, 
(uulin, Aad phenicin, are obtained. 

Phenol may be recognized by the following reactions: Ist, its peculiar 
odor; 2d, the formation of the yellow picrie acid with nitric acid of 3G°B.; 
3d, the production of a blue or green color when treated with a small 
quantity of ammonium hydrate and a trace of solution of a hypochlorite; 
4th, ft lilac color produced on the addition of a small quantity of ferric 
su]|>hate; 5th, a yellowish white precipitate with bromine water; Cth, pre- 
cipitation of albuminoids. Of these reactions, 3d, 4th, and otb are very 
delicate. 

Toxicologi/. — The use of carbolic acid in medicine, both for external 
OM as one of the most valuable of antiseptics, and for internal adminis- 
tration, has of late years become widely extended. The energy of Its 
caustic action upon living tissues, and of its power of coagulation of the 
albuminoids, render it very actively injurious when taken internally, and 
although its odor prevents, in a great measure, its Ingestion by mistake, 
or ita administration with murderous Intent; yet such cases have occurred, 
and instances in which it is taken suicidally are becoming exceedingly 
common. Woodman and Tidy cite twenty-one oases of poisoning by 
phenol occurring during the years of 1SG8 to 1S73, among which there 
waa but one recovery, the doses taken being usually one to two ounces, 
a quantity certainly much greater than the minimum lethal dose; in one 
inatance death followed the application of carbolic acid to a wound. 

When this poison has been taken, the mouth is whitened by its caustic 
action; there is a, marked odor of carbolic acid in the breath. The acid 
is eliminated hy the urine, partly unchanged, and partly in the form of 
colored derivatives, which communicate to the urine a greenish, brownish, 
or even black colour; biliary acids are also usually present. 

The treatment consists in the administration of albumen (white of egg) 
and of emetics. 

To detect phenol in the urine, that liquor must not be distilled with 
■alphuric acid, as sometimes recommended, as It contains normally sub- 
■tances which by such treatment yield carbolic acid. The best method is 
that of Landolt, which consists in adding an excess of bromine water to 
about SOO c.c. of the urine; on standing some hours, a yellowish preoipi- 
~ ) collects at the bottom of the vessel; this is removed, washed, and 



treated with sodium amalgam, when the characteristic odor of phenol is 
developed. From other parts of the body, phenol may be recovered by 
acidulating with tartaric acid; distilling; extracting the distillate by 
■halting with ether; evaporating the ethereal solution; extracting the 
residue with a. small quantity of water, and applying to this solution tlie 
t«>ts descrjlied shove. 
21 
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TrlnitTOphenol — Picric acid — Trinifrophenic acid — C,H, (NO,), 
OH. — This suljstaiice, the method of whose foripation has been given 
above, is derived from pheno! by ihe substitution of three groups (NO.) 
(or three atoms of hvdroguii; it is the only one of the numerous Gubsii- 
tution products of phenol which is of sufficient medical interest for con- 
sideration here. 

It crystallizes in brilliant, yellow, rectangular plates, or in six-sided 
prisms; it is odorless, and has an intensely bitter taste, whence its more 
common name (from ir«/w=bitter); it ia acid in reaction; sparingly 
soluble in water, very soluble in aicobol, ether, and benzene; it fuses at 
122.5°, and may, if heated with caution, be sublimed unchanged; but, it 
heated suddenly or in quantity, it explodes with violence. 

Trinitrophcnol behaves as a monobasic acid, forming salts, which are 
for the most part soluble, yeUow, crystalline, and decompose with explo- 
sion when heated. 

The presence of picric acid is detected by; Ist, its intensely bitter 
taste; 2d, its alcoholic solution when shaken with a potassium salt gives 
a yellow crystalline precipitate; 3d, an ammoniacal solution of cupric 
sulphate gives a green, crystalline precipitate; 4th, glucose heated with a 
dilute alkaline solution of picric acid, communicates to it a blood-red 
color; 5th, warmed with an alkaline solution of potassium cyanide, so in- 
tense red color is produced (the same effect is produced by ammonium 
Bulphydrate); 6th, unbleached wool, immersed in boiling solution of picric 
acid, is dyed yellow. Nos. 1, 3, 5 and 6 are quite delicate. 

Picric acid stains animal tissues yellow, and is used for that purpose 
by hiatologists. It is largely used for dyeing; is fraudulently added to 
beers to render them hitter; and is of value in toxicological analysis, u 
it precipitates the alkaloids from their solutions. 

When taken internally in overdose, it acts as a poison; it may be 
separated from animal fluids or from beer by evaporating to a syrup, ex- 
tracting with 95 per cent, alcohol, acidulated with sulphuric acid; filter- 
ing; evaporating; and applying tbe above-mentioned tests to a aolution 
of the residue. ] 



Creaol—Cretylicacid^Benzylic phenol^ Cresylic phenol — C,H, (CHJ 
OH — ^accompanies phenol in coal- and wood-tars, from which it may be 
obtained by fractional distillation; it is more readily obtained pure froin 
toluene. 

When pure it is a crystalline solid, fusible at 34.5°; as usually v\f^ 
with, however, it is a liquid, which does not solidify at —18°, and boils 
at 203°; it has an odor of crcasote. Its properties, decompositions and 
products resemble those of phenol, 

Crcasote is a complex mixture, containing phenol, cresylol, creatd, 
C,Hj,0 , and other substances obtained from wood-tar, and formerly ei- 
tensivefy used as an antiseptic. It ia an oily liquid, colorless «h«n 
freshly prepared, but becoming brownish on exposure to light; it has i 
burning taste and a strong, peculiar odor; its specific gravity is vsriouslj 
stated from 1.037 to 1,087 at 20°; it boila at 203°, and does not Bolidajl' 
-27°. 

Crude phenol is often substituted tor creaaote; the two bu 
' o distinguished by tbe following characters: 





Soluble 


n'ViTii 


raercial Blyoerin. 




Preci[iit 




ro-ccliuluBB from 


collodica 


Giiei a 






chloride 


and aloohol. 






GiTM a 




color with ferric 


chloride 


and an 


mom 


am hjdtftte. 





AEOMATIC ALCOUOLS. 

I Crrahote, 

Insoluble in commeroi^ glycerm. 
Does not precipitate cMllodioo. 
Oivef! a green color wilb feme chloride 

and iilcohal. 
OiTCB a green oolcir, pnasing to brown, with 
ferrio chloride and ammomum hydrate. 

Xenols—Xy/wio/g— C.H. (CH,), OH.— Theoretically there are six poa- 
sible xenojs, derivable fruiii corresponding Kylenns; of these, four have 
been thus far obtained by the general methods of obtaining the phenols. 
None is of practical interest. 

Thymol — Cymylic phenol — C,H{CH,),OH, exists, accompanying cy- 
mene and thymene, C,,H|,, in essence of thyme, from which it was first and 
is still obtained; the essence contains about one-half its weight of thymol, 
which is separated by agitation with a concentrated solution of caustio 



soda; separal 
with hydi 



at 230". 

It crystalli 
pery taste 



of the alkaline liquid, which ii 
e acid; thymol separates and i 



diluted and neutralized 
: purified by recti£catioa 



large, transparent, rhombohcdral tables; has a pep- 
odor; it fuses at 44° and boils at 
, very soluble in alcohol and other 
ompounds, which are very soluble L 
water. Its reactions are very similar to those of phenol. 

Thymol ia an excellent disinfecting and antiseptic agent, and one of 
the best of embalming materials; possessing the advantage over phenol of 
having itself a pleasant odor, while that of phenol ia disagreeable to 
most persons. 



Aromatio Alcohols. 

The alcohols corresponding to this series of hydrocarbons have the 
tame composition as the corresponding phenols, from which they differ in 
eonstittuion and in having the function of true alcohols (see p. 160). 
The first of the series is: 

Benzyllo alcohol — Benzoic alcohol — Benzyl hydrate — C,H^(CH, 
OH) — does not exist in nature, and is of interest chiefly ascorrespondmg to 
two important compounds, benzoic acid and benzoic aldehyde (oil of bit- 
ter almonds). It is obtained by the action of potassium hydrate upon oil 
of bitter almonds, or by slowly adding sodium amalgam to a boiling solu- 
tion of benzoio acid. 

It ia a colorless liquid; sp. gr. 1.05 at 14.4°; boils at 206.5"; has an 
iromatic odur; is insoluble in water, soluble in all proportions in alcohol, 
ether, and carbon disulphide 

By oxidation it yields, first, benzoic aldehyde, C,H, (COH); and afler- 
W*rd, benioie acid, C^H, (COOH). By the same means it may be made 
to yield products simdar to those obtained from the alcohols of the satu- 
ttted hydrocarbons. 

The remaining alcohols of this series arc; 

Xylylic alcohol C.H, (CH.-Cn OH). 

Cumylic alcohol C.H. CU,-CH -CH, OH). 

Cymylic alcohol C.H, CH,-CH,-Cll,- CII.On). 



OKNBBAL MEDICAL CHEMISTRI". 



IJlatomlo Aromatio Hydrates. 




There are three classes of these substances, viz.: Diatomic phenols, 
diatomic alcohols, and alphenoh, which last are substances liaWng- a mixed 
function of alcohol and phenol, thus: 



I 

c 
/\ „ /V 



i 



H-C C-OH H-C C-CH,OH H— C C-CH,OH 

II I II I II I 

H-C C-OH H-C C-CH,OH H-C C-OH 

Xy/- \^ -SV' 

CO c 

I I I 

H H H 

Hjdroinilroiui Tolujl gljpol SiUmnln 

(dlctonila pbenal). (dUtanila URibal). (olpbenal). 

Phenols — Oxyphenoh. — There exist three different compounds of th« 
composition C,H,0,. 

Pjrrocateohln, a crystalline solid, fusible at 112°, boiling at 240°, has 
a powerful odor; soluble in water aud alcohol; obtained by the dry dis- 
tillation of kino and catechu. 

Besoroin, colorless, prismatic crystals, fusible at 110°, boiling at 
270°; obtained by the action of potash on galbanitm, assafetida, eto. 

Hydroquinoce, transparent, colorless prisms, fusible at 177.5°; solu- 
ble in water, alcohol, and ether; obtained by the action of reducing agents 
on quinone, 

/o 

Quinone, C H | — is formed by the action of oxidizing agents on 
\0 
quinio acid {q. v.); it crystallizes in long, transparent needles, fusible 
at 115.7°; very soluble in water, alcohol, and ether; very volatile, emitting 
irritating vapors at all temperatures; its solution stains the skin brown. 

Oroln, C'^K,0,, the superior horaologue of hydraquinoue, is obtained 
from lichens of the genus lioeeBa, It forms white, crystalline needles, 
fusing at 86°, boiling at 280° — 287°;. sweet in taste; soluble in water, 
alcohol, and ether. Anhydrous oreine absorbs dry ammonia, forming large, 
colorleaa crystals, which, although permanent in s dry vacuum, rapidly 
absorb moisture from the air and are converted into orcein, C,H,NO,, the 
coloring matter of orchil and litmus. 
/CH,OH 
Sallgenin, C,H, — is an alpAenol, i.e., a substance partly 

XOH 
alcohol {by the group CH,OH) and partly phenol. It is obtained from 
salicine (y. v.) in large, tabular crystals; quite soluble in alcohol, wate?— 
and ether. Oxidising agents convert it into salicylic aldehyde, which hjrM 
further oxidation yields salicvlio acid. ' 

/CH,OH 
Toluyl glycol, C,H, — tho only one of the diatomic, 

\GH,OH 
aromatic alcohols at present known; has been recently obtained by Gri- 



I 
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maux, by a&ponifyiiig the corresponiiing dilaride or bromide; it forms 
opaque, crystalline needles; very soluble iu water. By oxidaltoa with 
potsasium diobromate and suipLuric acid, it yields tereji/ithaUc acid. (See 
below.) 

Trlatomio Aromatic Hydrates. 

The only compounds of this class at present known with certainty are 
two isomeric triatomic phenols, which probably owe the differences in 
properties existing between them to a different placing of the Oil groups. 
They are phloroglucin and purogallol. 

FhlOTOgluoln, C,H,(OU),— is obtained by the action of potnsh upon 
pbloretin, quercitrin, maclurin (see Glucosides), catechln, kino, etc. It 
crystallizes in rhombio prisms, containing 'i Aq.; is very sweet; very sol- 
uble in water, alcohol, and ether. 

PyrogaUol — PyrogaUto acid — C,H, (OH), — is formed when gallic acid 
{g. v.) is heated to 200°; it crystallizes in white needles; neutral in reac- 
tion; Tory soluble in water; very bitter; fuses at 115°; boils at 310°; 
poisonous. Its most valuable property is that of absorbing oxygen from 
the air, for which purpose it is used In the laboratory in the form of & 
aolutioo of potassium pyrogallate. 



Acids Corresponding to the Aromatio Hydrates. 

The acids, possibly derivable from benzene by the substitution of 
(COOK), or of (COOH) and (OU), for atoms of hydrogen, would form, were 
they all known, a great number of series; there are, however, compar- 
ttively few of them which have been as yet obtained, although the num- 
ber of acid series known is greater than that of corresponding alcohols. 
Each series of mono- and diatomic alcohols furnishes & corresponding 
•eries of acids; thus: 

C,H.-0H,OH O.H/g|.gH C.H/§g;°° 

BtoMe iIobImL Toliijl il/ogL S>UgaBlB. 

C.H.-C0OH C.H/Cgg| O.H/ggOH 

BhuoIs idd. TnrcphUutlla uU. B>ll<7Ua uilil. 

There are still a number of other series of acids possibly derivable 
directly from benzene, without speaking of substituted acids of m 
plex nature; of these, however, the majority are wanting. 

By the progressive substitution of groups (COOH) for atoms of hy- 
drogen in benzene, we may obtain six series of acids, five of which have 
been isolated: 

C.H, (COOH) — G.H„„,0, Benzoic s 

C.H, (COOH) -C.H_„0, Phthalio i 

C.H, (COOH), -C,H,.^„0 Trimelliti 

C,H,(C00H),-C,H,,^„0 Prehnitic series. 

C.H (COOH). -C,H,^„0, Wanting. 

C, (COOH). -C,H,^,.0 Mellitio * ' 
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The alphenols, conUmiog a, single group (OH), are at present reprfl 
seated by a single series: 

C.H. (OH) (COOH)-C.H,^0,— Salicylic series. 

Corresponding to the unkoowii alphenols, containing a greater nuai 
ber of (OU) groups, there are at present but two series of acids kaowu:! 

C.E. (OH), (COOH)-C,H,^0.— Venitrio aeries, 
ftnd 

C,H, (OH), (COOH)-C,H^,0,— Gallio series. 

In each of these series the basicity la, as usual, equal to thenuinberq 
groups (COOH). 



Benzoic Series, C,H,^,0,. 

The acids of this series (which are, as the formula above indicate 
monobasic) at present known are: 

BsDEoicacid CiHiO, 1 Cumic Bci3 Cn. 

TolnioHOid C[H,0, oCymioacid Cul 

Xylic acid C.B,.0. 1 

Benzolo aoid, C,H^ (COOH) — one of the earliest known of organMJ 
acids, having been obtained by aublimation from benzoin, Jtexista readTS 
formed iu benzoin, tolu balsam, oastoreum, and several reaiiis (see p, 367K' 
it does not exist in animal nature, so far as is at present known; in tboso 
situations iu which it has been found, it has resulted from decomposition 

I of hippuric acid (y. v.), or has been introduced from without. When 

taken in moderate doses, it does not pass out in its own form, but is con- 
verted into hippuric acid; in excessive doses a portion is eliminated, un- 
changed, in the urine. 1 
Benzoic acid is obtained by one of two processes: 1st, For use in raedv^ 
ioine, it is extracted from benzoin, which is boiled for some hours vtlth 
milk of lime; the solution of calcium benzoate so formed is filtered off 
and decomposed with hydrochloric acid; the precipitated acid is washed 
and purified, either by recry stall ization from boiling water, or by sublima' 
tion; in the latter case the crude acid is heated in a porcelain dish, over 
I which is placed a sheet of filter-paper, and over that a cone of bristol- 

i board, which acts as a condenser. The process formerly followed, by direct 

sublimation of benzoin, is not as advantageous. Zd. For use in the arts, 
benzoic acid is obtained from the urine of herbivorous animals; this is 
boiled with hydrochloric acid, and treated with milk of lime, the calcium 
■alt is decomposed, and the liberated acid purified as above. The acid 
prepared by this process retains tenaciously an odor of urine, which may 
be removed to a great extent by distilling with a little benzt ' 

IJenzoic acid is formed in a variety of reactions, among others by a 
thesis from benzene; this is converted into its monobromo-derivativi 
which is mixed with sodium and treated with carbon dioxide: 

k C.H.Br + Na, + CO. = C,n,0,Na + NaBr 
HDnabnma. Bodlum. Cmibna B 
'. . . L. 
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& general reaction, by which aever&l otber aoida are obtained from oorrea- 
ponding hydrocarbons. 

Pure beiuoto acid crystallizes in white, transparent, pearly plates or 
needles; odorless (tlie pharmaceutical product usually has a faint odor of 
benzoin); acid in taste; fuses at 122*; sublimes at 145°; boils at 240"; 
sparingly soluble in cold water, soluble in twelve parts of boiling water, 
very soluble in alcohol and ether. 

Dilute nitric and chromic acids do not attack benzoic acid. It dis- 
solves in ordinary sulpliurio acid, and may be precipitated from the solu' 
tion, unchanged, by the addition of water; Nordhauscn sulphuric acid 
converts it into aulphob&izoia acid. Fuming nitric acid forms with it 
tiilrobenzoic acid; and a mixture of fuming nitric and sulphuric acids 
hinitrobtnzoic acid. Under the influence of sodium amalgam, it yields 
benaylic alcohol and other products. Distilled with an excess of lime or 
baryta, it yields carbon dioxide and benzene. 

The salts of benzoic acid are all soluble, those of the heavy metals less 
so than those of the alkaline metals. 

The radical of benzoic acid (C,H.O)', is known as benzoyl; it enters 
into a number of compounds similar to those of acetyl (C,U,0)'; thus wa 
have a hydride C.II.OH; a chloride, C,H.0C1; an amide, C H.ONH,. 

Intirnately connected with benzoic acid is Hippurlo aoid — Setizijlgly- 
cocol — £eii2yl-amido-acetic acid — C,H,NO, — a constant constituent of 
the urine of the herbivora. In human urine, with normal food, it exists in 
small quantity; with a purely vegetable diet, its elimination is greatly in- 
creased, as it is also after the administration of benzoic acid, and, to a less 
degree, in diabetes mellitus and in chorea. The amount of hippuric acid 
eliminated under normal circumstances by man varies from 0.29 gram to 
S.84 grains in twenty-four hours. 

Hippuric acid is extracted from the urine of the horse, cow, etc.; this 
it oonoentrated to a syrup and treated with two to three times its bulk of 
bydroohlorio acid; the highly colored deposit of hippuno acid is converted 
Into sodium hippurate; the solution, decolorized wiih a little hypochlorite 
solution, and again precipitated with hydrochloric acid; if required pure, it 
must be further decolorized by boiling with animal charcoal, and recrystal- 
Uzation. 

It crystallizes in colorless, transparent prisms; odorless; faintly hitter; 
sparingly soluble in cold water, less so in the presence of hydrochlorio 
aoid, more so in the presence of hydrodisodic phosphate, very soluble in 
boiling water and in alcohol, insoluble in ether; fuses at 130°; boils at 
240°; at a slightly higher temperature it is decomposed, with formation of 
beoaoic and hydrocyanic acids. 

To understand the reactions of hippuric acid, a knowledge of its con- 
stitution is necessary. It has been long known that hippuric acid may 
be decomposed into glycocol (see page 208) tmd benzoic acid. Later, by 
the action of nitrous acid upon hippuric acid, an acid having the conatitu- 
tion of glycolic acid, in which the alcoholic hydrogen is replaced by 
benzoyl (see above) was obtained, and designated as benzoi/kycoHe acta. 
Finally, hippuric acid has been obtained synthetically by the action of 
benzoyl chloride upon silver glycotamate: 



C,H,(NH,)0,Ag 

Bnw sljooUniMU, 



+ C,II.oa = C.H.NO, 



AgCI 



And again, hippuric acid has been obtained by the action of benzamldtt 
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upon cliloracetio acid. Now, glvcocol is derivable from glycolio acid by 
the substitution at NK, for OH; or from cliloracetic acid hy the substltu- 
tion of NH, for CI: 

CH.OH CH.C1 CH,(NH,) 

COOH COOH COOH 

GljcolLe aohl. Chloxmcvtk ftdd. Aiii[do-ftOBtloiiaU(fljoM 

The foregoing decompositions and syntheses show that hippu) 
is glycocol in which the radical benzoyl nas been substituted for o 
the group NH,; it is therefor: 

Cn.(NH[C,H.O]) 



io 



COOH 

Baixjl-ElJiKHJol cr be 

Hippuno acid dissolves unchanged in concentrated hydrochloric acid; 
on boiling the solution it is decoinpoaed into benzoic acid and glvcocol; 
the same decomposition is effected by dilute sulplinrio, nitric, and" oxalic 
acids, and also by a ferment developed in putrefying urine. Ck>ncentrated 
sulphuric acid forms a brown solution with bippuric acid, whioli, on the 
application of heat, gives ofl sulphur dioxide and benzoic acid. Nascent 
hydrogen produces a number of derivatives from hippuric acid, among 
whioh are benioio aldehyde and glycoool. Oxidizing agents convert it 
into benzoic aoid, carbon dioxide, and benzamide. 

The determination of hippurio aoid in urine is a tedious process. 
About a litre of the urine is precipitated with baryta water; filtered; the 
excess of barium removed from the filtrate by cautious addition of 
phurio acid, avoiding an excess; the filtrate is neutralized with hydixM 
chloric acid and evaporated to a syrup; this is extrseted with alcoh^; 
the alcoholic solution decanted and evaporated over the water-bath; the 
residue repeatedly washed with ether; dissolved in warm water and 
heated with a tittle milk of lime; filtered, the filtrate decomposed with 
hydrochloric acid; the crystals which separate are washed with a small 
quantity of water, dried, and weighed. It is usuallv necessary to redis- 
solve the acid in water, decolorize with animal charcoal, and repreoipiiate 
befor« weighing. 

The characters of hlppurio acid are: 1st, when heated in a dry tube, it 
fuses and decomposes, giving a sublimate of benzoic acid and an odor of 
hydrocyanic acid ('/. e.); 2d, it gives a brown precipitate with ferric 
salts (so do benzoic and succinic acids); 3d, when heated with lime, it 
gives off benzene and ammonia. Benzoic acid, by similar treatm«nl 
gives off benzene, but no ammonia. 

The remaining acids of the benzoic series are not of medical intei 
Hie number of their i&omei«s is great. 



tne ^ 



PhthaUo Series, C.H^.hO, 



n«nt^_ 

1 



Phtbalio aoid, C,H,0,, and its isomerea, UrtpAlAaiie and iiopktha- 
lic acids, are the only ones of this series at present known. Phthalic 
acid is obtained by the action of nitric acid upon napbthatene or aliEarin 
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(y. v.). It cryatailizes in white prisma; sparingly soluble in water, very 
soluble in alcohol and ether; it fuses at 180°, and at a higher temperature 
is decomposed into phthalic anhydride, C,n, (CO), O, and water; by cau 
tloUB heating it is decomposed into carbon dioxide and benzoic acid, : 
reaotiou which is utilized to obtain the last-named acid. 



SaUoyUo Series, C.U„.,0,. 

The acids of this series (which are, as indicated by the formula on p. 
325, partly phenols, partly acids) are the following: 

SBliojrlic add CHiO. I Oijcnmiiuc add Oi.H„Oi 

Anidoaoid C.H,Oi Thymotio acid 0,,Hi(Ot 

Fhloretio acid O.HisOt | 



Salleyllo Acid— Oxyhemcio acirf— C,H, (OH) COOH— was first ob- 
tained from essence of spirasa, which consists largely of salicylic alde- 
hyde, and subsequently from oil of wintergreen Q/auttheria), which 
contains methyl salicylate; and also irom taiicine, a giucoside yielding 
aalloylio aldehyde. 

At present salicylic acid is obtained almost exclusively by Kolbe's 
method, from phenol. Thta is fused, and while a current of dry carbon 
dioxide is passed through it, small portions of sodium are added; the so- 
dium salicylate thus formed is dissolved in water and decomposed with 
hydrochloric acid, when the liberated salicylic acid is precipitated. 

It crystallizes in fine white needles (the pharmaceutical product is 
aaually pink); very sparingly soluble in cold water, quite soluble in hot 
water, alcohol, and ether; it fuses at 158°, and may be distilled with but 
alight decomposition, if it be pure. 

Chlorine and bromine form with it products of substitution. Fuming 
nitric acid forms with it a nitro-derivative and, if the action be prolonged, 
converts it into picric acid. With ferric chloride, its aqueous solution as- 
sumes a fine violet color. 

Salicylic acid and its salts (it is monobasic, although diatomic) are 
tensively used in medicine, both externally as antiseptics and internally 
in the treatment of rheumatism, etc. It is not without caustic properties, 
ftod hence, when taken internally, it should be largely diluted. 



TrlmelliUc Series, C,H^.„0,. 



There are no less than three isomeric acids having the composition of 
the first term of this series, all of which are tribasic: 

TViniellilic acid, 0,11, (COOH) — obtained by haAt'wg hydropyromei- 
litic acid with sulphuric acid, isophthalic acid being formed at the same 
time; also formed when rosin is oxidized with nitric acid. Fuses at 216°. 

TrimcBittG acid — formed by the oxxAaXXon ot meaitylenic acid ; fuses 
at a temperature above 300°, 

HkmimeUitic acid — formed, along with phthatic acid, by heating h<j- 
iromeliophanic acid with sulphuric aoid; fuses at 1S5°. 



L 



OEITERAL MEDICAL CUEMISTBT. 



Prehnltio Series, C.H«.wO.. 



Of this series tbere are also three isonierides of the first term; all i 
trsbasio: 

Prehnitic acid, C.H (COOH),— fuses at 237". 

I\/romellitic acid—lormed by the disiillation of meliitic acid. 

MeUophanic acid — obtained, along with prefanitio acid, by decompc 
ing Aydromeltitic acid, C„H„0,,, 



MeUitio Series, C,H„,,.0,„ 

is represented by a single term, in which the bydro^n of benzene 
been entirely replaced: 

Mellilic acid, C, (COOH), — occurs in nature as its aluminium salt ij! 
the mineral called nieUite or honetj atone. It has also been obtained syn- 
thetically by oxidizing charcoal with potassium permanganate in alkaline 
solution. 

It crystallizes in colorless needles, readily soluble in water; sour in 
taste. It withstands the action of reagents well, but by distillation wii""^ 
quicklime is decomposed into benzene and carbon dioxide. 



GalUo Series, CJU.,0.. 



GalUo acid, C.H, (OH),COOH— the first term and only represent 
tive of the series, exists in nature in certain leaves, seeds, and fruits. 
is best obtained from gall-nuts which contain its glucoside, gollotani 
acid (q. v.). These galls are moistened and kept at a temperature of 21 
— 25", being moistened from time to time, for a month; the colored; 
mouldy mass is strongly expressed and the residue extracted with boiling 
water, which, on cooling, deposits crystals of gallic acid. It can be ob- 
tained from salicylic acid. 

It crystallizes in long, silky needles; odorless; acidulous in taste; 
sparingly soluble in cold water, very soluble in hot water and in alcohol; 
its solutions are acid. When heated to 'i\\)° — 215° it yields carbon diox- 
ide and pyrogallot ('/.v.). Its solution does not precipitate gelatin, r 
the salts of the alkaloids, as does tannin. It forms four series of salts. 



1 

m 



Aldehydes. 



Benzoic aldehyde— JJe/iioy^ hydride— Q^^ (COH) — is the mail 

constituent of oil of bitter almonds, although it does not exist in the al- 
monds (see p. 342) ; it is formed, along with hydrocyanic acid and glucose, 
by the action of water upon amygdalin. It is also formed by a number 
of general methods of producing aldehydes: by the dehydration of ben- 
zylic alcohol; by the dry distillation of a mixture in molecular propor- 
tions of calcium benzoate and formiate; by the action of nascent hydro-- 
gen upon benzoyl cyanide, etc. 

It is obtained, from bitter almonds; these are crushed and freed froi 
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fixed oil by expression; the cake is mixed with a lame quantity of water, 
in whicb it remains tnenty-four hours, after whiou the mixture is 
tilled by steam heat aa long as the diBtillate has the odor of bittei 
nionds; the oil separates from the watery liquid, which still contains a 
considerable quantity in solution, retioverable by a second distillation. 
This crude oil contains, besides benzoic aldehyde, hydrocyanic and ben- 
aoio acids and cyanobenzoyl; to purify it, it is treated with three to four 
times its volume of a concentrated solution of sodium bisulphite; 
crystalline mass is expressed, dissolved in a small quantity of water, and 
decomposed with a concentrated solution of sodium carbonate — the tr 
ment being repeated, if necessary. 

It is a colorless oil, having an acrid taste and the odor of bitter almonds; 
■p. gr. 1.013; boils at 170.4^; soluble in thirty parts of water, and in all 
proportions in alcohol and ether. 

Its vapor, passed through a tube filled with fragments of pumice and 
heated to redness, is decomposed into benzene and carbon dioxide. Oxi- 
dising agents convert it into benzoia acid, a change which occurs by 
mere exposure to air. Nascent hydrogen converts it into benzylic alco- 
hol. With chlorine or bromine it forms benzoyl chloride or bromide. 
Sulphuric acid dissolves it when heated, forming a purple-red color, which 
turns black if more strongly heated. 

When perfectly pure, benzoic aldehyde exerts no deleterious action 
when taken internally; owing, however, to the diiljculty of completely re- 
moving the hydrocyanic acid, the substances usually sold as nil of oilier 
almonds, ratafa, and almond Jtavor, are almost always poisonous, if taken 
in sufKcient quantity. They may contain as much as ten to fifteen per 
cent, of hydrocyanic acid, although said to be " purified"; the presence 
of the poisonous substances may be detected by the tests given on page 
340. 

Cuminlo aldehyde, C,H,, (COH), exists, along with a liquid hydro- 
carbon, in cumin-seeds and essence of cumin, from whicb it is obtained, 
by fractional distillation, in much the same way as benzoic aldehyde. It 
ia a colorless or yellowish oil; has a penetrating and disagreeable odor, and 
an acrid, burning taste; sp, gr. 0.9737 at 13°; boils at 330°. Its rcaotiona 
»re similar to those of benzoic aldehyde. 

Salioyllo aldehyde — Salicyl hydride — Sa!i(^ylut — Salieylous acid — 
C,H (OH) COH — exists in the flowers of gjiiro! ulinaria, and is the prin- 
eipal ingredient of the essential oil of that plant. It is best obtained by 
oxidizing salicine {q. v.) with a mixture of sulphuric acid and potassium 
diobroraate. 

It is a colorless oil; turns red on exposure to air; has an agreeable, 
aromatic odor, and a sharp, burning taste; sp. gr. 1.173 at 13.5°; boils at 
196.5°; soluble in water, more so in alcohol and ether. 

It is, as we should suspect from its origin, a substance of mixed func- 
tion, possessing the characteristic properties of aldehyde and phenol. It 
produces a great number of derivatives, some of which have the charac- 
ters of salts and ethers. 

Aiii«loaldehyde,C,HjCH, (OH) COH— obtained from the essenc, 
of anis; is a yellowish liquid; has an aromatic odor and a burning taste; 
«p. gr. 1.00 at 30°; boils at 35i°; almost insoluble in water, readily soluble 
in alcohol and ether. 
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Amines. 

Pheni/lamines. 

Benzene may be considered as bein? made up of a radical group 
(C,H^)'y united to hydrogen; this radical is known as jt>A€nv/y and benzene 
is, therefor, phenyl hydride, as marsh-gas is methyl hydride. The radi- 
cal, phenyl, is capable, like methyl, of replacing atoms of hydrogen of 
ammonia to form amines precisely similar in typical constitution to those 
of the univalent alcoholic radicals (see p. 155); or these amines may be 
considered as formed by the substitution of a group NH, for an atom of 
hydrogen of one molecule of benzene, or of (NH)" for two atoms of 
hydrogen in two molecules^ etc.: 



i 



CH, (NHJ' H-C C-NH, 

I i " 

CH, H-C C-H 

V 
A 

H 

H I H 

/ \ / \ / \ 

H-C C C C-H 

I II I II 

H-C C-HH-C C-H 

or typically: 

Bthylamlne. Phcoylamino. DiphflnjIamliM. 

These amines are, in their turn, capable of forming a vast number of 
products of substitution, salts, etc. Of the compounds of this class, the 
most important by far is: 

Phenylaxnine — Amido - benzene — Amido - benzol — Aniline — Kyancl 

C H ) 
— CristaUine — •tj* [ N. — It was discovered in 1826, by Unverdorben, 

among the products of the dry distillation of indigo; later it was found 




to exist in coal-tar; and, finally, Zinin discovered the method of obtuning 
it from nitro-benzene which is at present used. This reaction is a reduc- 
tion, consisting in the removal of O,, and the eubstitiition therefor of H,: 

c.n, (NO,) + 3H, = c,H,(Nn,) + an.o 

Klljobcniciifi. HjdrDgfliu AmldDbomenh WaUr^ 

Aniline is now obtained in large quantities from nitrobenzene, which 
is mixed with acetic acid, and to the mixture iron turnings or borings are 
gradually added; the nascent hydrogen liberated by the action of the 
metal upon the acid being the reducing agent; the addition of iron ia 
continued until a pasty mass is formed, which is then neutralised with 
lime and subjected to distillation. 

Aniline is also formed in other reactions: in small quantity when 
phenol and ammonia are long heated together under pressure; by the dry 
distillation of indigo, etc 

When pure, aniline is a colorless liquid; has a peculiar, aromatic 
odor, and an acrid, burning taste; sp. gr. 1.03 at IC ; boils at 184.8°; 
orvBtallizes at — 8°; soluble in thirty-one parts of cold water, soluble in 
all proportions in alcohol, ether, carbon disulphide, etc.; when exposed 
to air, it turns brown, the color of the commercial " oil," and, finally, 
reainilies; it is neutral in reaction. 

Its vapor, when heated to redness, is decomposed into carbon, am- 
monia, ammonium cyanide, and a complex brown liquid. Oxidizing agents 
oonvert it into blue, violet, red, green, or black derivatives. Chlorine, bro- 
mine, and iodine act upon it violently to produce products of substitu- 
tion, Concentrated sulphuric acid converts it, according to the conditions, 
into sulpkanilic or disulphanUic acid. With acids it unites, after the 
manner of the ammonias, without liberation of water or hydrogen to 
form salts, most of which are c ryst all izable, soluble in water, and colorless, 
although by exposure to air, especially if moist, they turn red. 

The presence of aniline may be detected by the following characters: 
1st, on the addition of a nitrate and of sulphuric acid, a red color is pro- 
duced; 2d, cold sulphuric acid does not color it alone, on the addition of 
potassium dichromate, a fine blue color is produced, which, on dilution 
teith ieater, passes to violet, and, if not diluted, to black (see Strychnine); 
3d, with calcium hypochlorite solution it gives a violet color; 4th, when 
heated with cuprio chlorate, a deep black color is produced; 5th, a deep 
crimson color appears when it is heated with mercuric chloride. 

Experiments upon animals show aniline to be an active poison when 
taken in the liquid form, or by inhalation of its vapor; its salts, however, 
impure, seem to be without deleterious action. The symptoms produced 
by aniline are very similar to those of nitrobenzene poisoning. 

Derivatives oj' aniline. — Although aniline and most of its salts are 
colorless, some of the most brilliant dyes at present in use are produoed 
from them. We merely mention the more prominent: 

Kosaniline chloride— /uahsine-^maffenta — a magnificent red dye, for- 
merly obtained by oxidizing aniline with arsenic acid and combining the 
base so formed with hydrochloric acid. The difficulty of disposing of the 
aneoical refuse of this process, and the d<>leterious action of the dyes 
from which the arsenic had been imperfectly removed, have led to a 
modification of the process in which nitrobenzene itself is used &s the 
oxidizing agent. The base, rosaniline, is an almost colorless, crystalline 
compound, although its salts are so brilliantly colored. 
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The dyea derived from rosaniliiie are very numerous; prominent 
among them are Juclnine, rosatiiline chloride, a green, crystalline sub- 
stance, soluble in alcohol, with a beautiful magenta color; Ilofmann'a 
violet, triethyl-roBaiiiline, obtained by heating together rosaniline and 
ethyl iodide; Lyons blue, triphenyl-rosaniline hydrochloride, obtained by 
heating rosaniline with an excess of aniline; g<i8 green, obtained by 
heating rosaniline chloride trith aldehyde and sulphuric acid; Paria 
violet, obtained by the oxidation of methyl aniline. 

Matwein is a base vhose sulphate, obtained by mixing cold dilute 
•oluliona of potassium dichromate and anihnc sulphate, is a fine, purple 
dye. A blue dye is also obtained by heating mauvein with aniline. 

Aniline black is obtained by acting on aniline with a mixture of cu- 
pric sulphate and potassium chlorate, 

Stiffronin is a base derived from commercial oils, rich in the superior 
homoiogues of aniline (toluidines); its bydrocblorate is largely used in 
place of salSower for dyeing silks. 



SIXTH SERIES OF HYDROCARBONS. 

C.H«... 



This scries has at present but two representatives, derivable f roi . 

izene by the substitution of one lateral chain for nn atom of hydrogen, 

Clnnamene — Styrolene — Cinnamol — Stt/rol — Liipiid eeaence of ity- 
rax — C,H, — exists ready formed In essential oil of styrax; it is also 
furmed by decomposition of cinnamic acid {i}. v.), or, synthetio&lly, by the 
action of a red heat upon pure acetylene, a mixture of acetylene and ben* 
zene, or a mixture of benzene and ethylene. I 

It is a colorless liquid; has a penetrating odor, recalling those of b«a*i 
sene and naphthalene, and a peppery taste; sp. jjr. 0.928 at 16°; boils at 
143^; soluble in all proportions in alcohol and water; neutral in reaction, 

Cedrene, C„H,, — is the liquid hydrocarbon of essence of Virginia 
cedar; it is a colorless liquid, of sp. gr, 0.984 at 14.5°, and boils at iZI". 



I 






Alcohols — Series C.H, 

There are but two alcohols of this series kn 

Cinnyl alcohol C,H,.0 1 Cholesterin C„H, 

Cinnyl alcohol — Cinnamic atcofiol — StyroHc alcohol — Styrot 
St;/rncone — Pt-ruvine — C.II.OH — is obtained by distilling styraclni 
:entrated solution of potash or soda. 



It crystallizes in soft, silky needles; has a sweet taste and a 
■ ■ ■ l-ilsat 2"-" 






hyacinth; fuses at 33°; distils at 250°; sparingly soluble in water, and 
readilv soluble in alcohol, ether, and cinnamene. 

Styracine, or cinnyl cinnamafe, exists in Peru balsam and in styrax, 
from the latter of which it is obtained. 

It crystalliies in prisms, grouped in bundles; odorless and t 
fuses at 38°; insoluble in water, sparingly soluble in cold i 



I tastelMKf^l 
Id alcoht^H 



ALCOUOLS. 



vith potaah it is decomposed. 



1 the bile 

,, splo. 



readily soluble in ether. When heated 
liberating ciiinamic alcohol. 

Cholesterio alcohol — (7/io?ea(er(n— C„H„OH. — This substance, of 
great physiological interest, is shown by its reactions to be certainly an 
alcohol, and probably one belonging to this aeries; although it is usually 
classed by physiologists among the fats for no better reason than that it 
is greasy to the touch and soluble in ether. 

It has been found in the animal economy, normally 
(especially that coming from the brain), nerve-tissue, bra 
contents of the intestines, meconium and fiecea; pathologically in biliary 
calculi, in the urine in diabetes and icterus, in the fluids of ascites, hy- 
drocele, eto., in tubercular and cancerous deposits, in cataracts, in ather- 
omatous degenerations, and sometimes, in masses of considerable size, in 
certain cerebral tumors. It has also been found to exist in the vegetable 
world in peas, beans, olive-oil, wheat, etc. It has not been obtained by 
synthesis. 

Cholesterin is best obtained from biliary calculi, the lighter- colored 
varieties of which consist almost entirely of this substance. The calculi 
are pulverized, extracted with boiling ether, the solution filtered hot, 
the ether distilled oS, the residue dissolved in boiling alcohol, and the 
solution allowed to oool; the crystals which separate are heated for some 
time with alcohol containing a little potash; on cooling, crystals form, 
which are finally washed with alcohol so long as the washings are colored 
or alkaline, and recry stall ised from ether. 

Cholesterin crystallizes with or without water of crystallization; from 
benzol, petroleum, chloroform, or anhydrous ether, it separates in delicate, 
colorless, silky needles, having the composition C„H,,0; from hot alcohol, 
or a mixture of alcohol, and ether, it crystallizes in rhombic plates, usually 
with one obtuse angle wanting, having its composition C„II,,0 -\- 1 Aq.; 
these crystals, transparent at first, become opaque on exposure to air, 
from loss of aq. It is insoluble in water, in alhalies and dilute acids, 
difficultly soluble in cold alcohol, readily soluble in hot alcohol, ether, 
benzol, acetic acid, glycerin, and solutions of the biliary acids. It is 
odorless and tasteless. When anhydrous it fuses at 145 and solidifies 
at 137°; at 3GU° in vacuo it distils' unchanged; sp. gr. 1.04G. It is he- 
TOgvrous, [ajo = 31.6° in any solvent. 

It combines readily with the volatile fatty acids. From its solution 
in glacial acetic acid a compound having the composition C,,H,,0,C,K,0, 
■eparates in fine curved crystals, which are decomposed on contact with 
water or alcohol; when heated with acids under pressure, it forms true 
ethers. Hot nitric acid oxidizes it to ckokateric acid, C,II,,0„ which is 
also produced by the oxidation of biliary acids; a fact which indicates 
the probable existence of some relation between the methods of forma- 
tion of cholesterin and of the biliary acids in the economy. 

Cholesterin may be recognized by the following reactions: 1st, moist- 
ened with concentrated nitric acid and evaporated to dryness, a yellow 
residue remains, which turns brick-red (not bright red, as in the case of 
urio acid) on the addition of ammonium hydrate; 2d, it is colored violet 
when a mixture of two volumes sulphuric or hydrochloric aeid, and one 
volume ferric chloride solution is evaporated upon it; 3d, when ground 
Up with sulphuric acid and chloroform added, a blue-red or violet color is 
produced, which passes into green oo exposure to air. 



1 
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Aoidfl — Series C«H,i».ieO^ 

Clzinaxnio aolcL G,H,,GOOH — exists in syrax, and in Peru and 
Tolu balsams; it is also formed by the oxidation of cinnyl alcohol; by the 
action of potassium hydrate an essence of cinnamon; and by heating 
together acetyl chloride and benzoyl hydride under pressure. 

It forms prismatic crystals; sp. gr. 1.195; fuses at 137°; boils at 293°; 
quite soluble in cold water and ether. 

Cinnamio aldehyde, G.H,,COH — ^is one of the constituents of 
essence of cinnamon. It is a colorless oil; denser than water; turns brown 
rapidly on exposure to air, from which it also absorbs oxygen and is 
converted into cinnamio acid. 



SEVENTH SERIES OF HYDROCARBONS. 

The only representative of this series at present known is 
Naphthydxene — Naphthylent hi/dri(ie-—C^Ji — a substance having 
only theoretical interest, obtained by heating naphthalene with potassium, 
and decomposing the product with water. It also occurs in heavy petro- 
leum. It is a colorless liquid; boils at 205% and has a strong, disagreeable 
odor. 

EIGHTH SERIES OF HYDROCARBONS. 



C.H*^ 



If 



The only term of this series is 

Naphtnalene, C,^H,— discovered in 1820 in coal-tar. It has been 
formed by an interesting synthesis which indicates its constitution; ben- 
zene and ethylene, when heated together, unite to form, first, cinnamene 
(q, v.), and afterward naphthalene. It is constituted by the fusion of two 
benzol groups by two carbon-atoms, thus: 

H H 



i I 



H-C C C-H 

H-C C C-H 
/ N/' 



V 



k i 



It is obtained in considerable quantities from coal-tar, by fractional 
distillation, and is used for the production of a number of brilliant dyes. 

It crystallizes in large, brilliant plates; has a burning taste and a faint 
aromatic odor; fuses at 80° and boils at 217°, subliming, however, at a 
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temperature much below its boiling-point; sp. gr. 1.1S8 at 18°; it burns 
with a brig'ht, but very smoky tlame; ia insoluble in cold water, very 
sparingly soluble in boiling water, readily soluble in alooLol, ether, and 
easencds. 

Chlorine, bromine, nitric acid, and concentrated sulphuric acid attack 
it to form substitution compounds. Alkalies do not affect it. Nitric 
acid after a time oxidizes it to phthalic acid. 

Although many of the derivatives of naphthalene, which are very numer- 
ous, are of great chemical and industrial iuterest, they do not call for fur- 
ther mention here. 



NINTH SERIES OF HYDROCARBONS. 
C.H„„.. 



Is also represented by a single hydrocarbon, derived from naphthalene, 
Aoenaphthalene, C\,H,, — is produced synthetically by continuing 

the heating of naphthalene with ethylene, the reaction occurring in three 

It also exists in coal-tar, from that portion of which, distilling at 270°. 
—200°, it is best obtained. 

It is only of theoretical interest. 



1 



TENTH SERIES OF HVDROCARBONS. 

Is represented by two terms: Fltiorene, a solid, Crystalline body, boil- 
ing at 305°, obtiiined from coal-tar; and StUbene, obtained by the action of 
iulphydrate upon an alcoholic solution of benzoic aldelhyde, 



ELEVENTH SERIES OF HYDROOARBONS. 



I 
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Anthracene, C„H,„ is a substance which, although of but littls 
medical interest, has assumed considerable importance in the arts and in 
chemical philosophy. 

It exists aa a constituent of coal-tar, and is obtained by expression 
from the substance remaining in the still after the distillation of naphtha- 
lene, etc. The commercial product thus obtaii ' ' .... 

synthetically. 

1 pure, anthracene crystallizes in rhombic tables having a bluish 
noe; fusible at 210° and boiling above 3tlO°; its best solvents are 
benzene and carbon disulphide, in which, however, it Is. only sparingly 
soluble. 

Anthracene forms a number of products of substitution; the only one 
of wbiob W0 will u 
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Alizarin, C,^!!^^ — a coloring matter now prepared on a large scale 
from anthracene, formerly only obtained from madder, and very exten- 
sively used in dyeing. As napthalene is formed by the condensation of 
two molecules of benzene, anthracene is constituted by the condensation 
of three; the constitution of anthracene and the relation of alizarin to it 
are shown by the formulae: 

H H H H 
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H-U C C-H 


H C U C O 
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H-G 0-H 
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ABthxaoene. 


AUxarin. 



HIGHER SERIES OF HYDROCARBONS. 

The twelfth series is not at present represented. Of the thirteenth 
series, one hydrocarbon, pyrenCy C^.H,,, is known ; and one of the fourteenth 
series, chryseney Cj,Hj., both obtained from coal-tar; the former fusing at 
142°, the latter at 230*— 235^ 



CYANOGEN COMPOX7NDS. 

The substances which we have considered are all derivable, more or 
less directly, from the various hydrocarbons, and may be considered, upon 
the theory of types, to be formed by the substitution of radicals composed 
of carbon and hydrogen, carbon and oxygen, or carbon, hydrogen and 
oxygen, for atoms of hydrogen of the three typical substances, hydrogen, 
water, and ammonia. There are a number of very important substances 
which are typically considered as containing the radical (GN)', which 
radical, known as cyanogen^ possesses the same power of passing un- 
changed from compound to compound, as do methyl and ethyl, like which, 
also, it is incapable of separate existence. The substance sometimes 
known as cyanogen is not CN, but 



Dloyanogen (CN),. 

% 

This body is prepared by heating mercury cyanide in a small retort 

and collecting the gaseous product over mercury. 

Dicyanogen is a colorless g^as, has a pronounced odor of bitter 

almonds; under a pressure of 4 atm. at 25° it is liquefied; sp. gr. 1.8064 A.; 



IITDEOaEN CYANIDE. 

it burns in nir'wilh a piirplo flamo, k'^'^S °^ nitrogen and carbon dioxide; I 
It is quite Boliible in water ; the solution on exposure to air tunuj 
brown; with water alone, or with water and ammonia, dicyanogcn 
into combinations which show the relations existing between llie cyanogeflrfl 
compounds and others previously considered: 



(CN), 



(C-V), 



4H,0 



H.O = 



C,0.(NH.), 



CNOH + 

Cjaniu Kid. 

CNOH 



= CNOH 
U,0 = 



NH, 



+ NH, = CON,H, 



+ CNH 

ItjAntayuiic RC 

+ CO, 



a very delet 
n largely dih 



bHous action upon both : 
itod with air. 



nal and vegetable liffl^ 



Hydrogen Cyanide. 

—Hydrocyan; 



'c acid — I^iissic t. 



ON I 






Cyanogen hydride— 
r«ftdy formed in the juice of etuaava, and ia formed by the action of water 
upon hitter almonds, cherry-laurel leaves, et(!. It la also farmed in a great 
number of reactions: by the passage of the electric discharire through a 
mixture of acetylene and nitrogen; by the action of chloroform on am- 
monia; by the distillation or the action of nitric acid upon many organic 
substances; by the decomposition of cyanides. 

It is always prepared by the decomposition of a cyanide, although the 
nature of the cyanide and of the decomposing agent differ in tlie process 
advised by different authors, and according as the product is required 
pure or in dilute solution. Its preparation in the pure form is an opera- 
tion attended with the most serious danger, and should only be attempted 
by those well trained in chemical manipulation. For medical uses a very 
dilute acid ia required; the acid. dil. hydrocijanicum (U. S,, Br.) con- 
tains, if freshly and properly prepared, two per cent, of anhydrous acid; 
that of the French Codex is much stronger — ten per cent. 

The pure acid is a colorless, mobile liquid, haa a penetrating and 
characteristic odor; sp. gr. 0.7058 at 7°; crystallines at —15°; boils at 
26.5°; is rapidly decomposed b^ exposure to light. The dilute acid of 
the United States Pharmacopoeia is a colorless liquid, having the odor of 
the acid; faintly acid, the reddened litmus returning to blue on exposure 
to air; sp, gr. O.O'J"?; ten grams of the acid should bo accurately ncutrat- 
ixed by 1,27 grams of silver nilrate. The dilute acid deteriorates on ex- 
posure to light, although more slowly than the concentrated; a trace of 
phosphoric acid added to the solution retards the decomposition. 

An acid of the medicinal strength may bn obtained extemporaneously 
from argentic cyanide (■/. v.); 9.0^5 grams of the pure, dry, salt are added 
to a mixture of 8.3 grams of hydrochloric acid of sp, gr. 1.16 made up to 
98 o,c., with distilled water; the resulting liquid, after agitation, fa f* 
tend from the precipitated sltver chloride. A disadvantage of this a 
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ia that while an excess of silver nitrate is undesirable, an excess of hyi 
chloric acid rapidly decomposes hytirocyanio acid, with forniation of 
monium chloride and formic acid; the neutralization must therefor bt 
accurate, a result not readily attained in practice. The acid ki 
Scheele'a contains five percent, of true acid. 

Moat powerful acids decompose hydrocyanic acid quickly; the alka- 
lies enter into double tlecompoajtion "with 'St to form cyanides; chlorine 
and bromine decompose it, with formation of cyanogen chloride and bro- 
mide; nascent hydrogen converts it into niethylamine. 

The presence of hydrocyanic acid or of a soluble cyanide is recognized 
by the following characters: Ist, with silver nitrate a dense, white precip- 
itate ia formed; the precipitate is not redissolved on the addition to the 
liquid of a small quantity of nitric acid, but ia dissolved if separated and 
heated with concentrated nitric acid; it ia but sparingly soluble in am- 
monia; freely soluble in solutions of alkaline cyanides or hyposulphites. 
3d, when treated with a solution of ammonium sulphydrate, and a aolu- 
lion of ferric chloride added, a blood-red color is produced, 3d, on the 
addition of potassium hydrate, and subsequently of a mixture of fen-oua 
and ferric sulphates, a greenish precipitate ia formed, which ia partly re- 
dissolved by liydrochloric acid, leaving a deep blue color. 4th, a dilute 
solution of picric acid produces a blood-red color when heated with a cy- 
anide and subsequently cooled. 

Toxicology. — Hydrocyanic acid ia a violent poiaon, whether it be in- 
haled as vapor or swallowed, either in the form of dilute acid, of soluble 
cyanide, or of the pharmaceutical preparations containing it, such as oil 
of bitter almonds and cherry-laurel water, its action being more ru' 
when titken by inhalation or in aqueous solution than in other fori 
When the medicinal acid is taken in poisonous dose, its lethal eSect may 
seem to be produced instantaneously; nevertheless, several respiratory 
efforts usualij' are made after the victim seems to be dead, and instances 
are not wanting in which there was time for considerable voluntary motion 
between the time of the ingestion of the poison and unconsciousness. In 
the great majority of cases the patient is either dead or fully under the in- 
fluence of the poiaon on the arrival of the physician, who should, however, 
not neglect to apply the proper remedies if the faintest spark of life remain. 
Chemical antidotes are, owing to the rapidity of action of the poison, of 
no avail, although possibly chlorine, recommended as an antidote by manv, 
may have a chemical action on that portion of the acid already absorbed. 
The treatment indicated is directed to the maintenance of respiration; 
cold douche, galvanism, artificial respiration until elimination ' 
the poiaon. If the patient survive an hour after taking thi 
prognosia becomea very favorable; in the first stages it is exceeding^ 
unfavorable, unless the quantity taken has been very smalh 

In cases of death from hydrocyanic acid a marked odor of the poison 
is almost always observed in the apartment and upon opening the body, 
even several days after death. In cases of suicide or accident, the vessel 
from which the poison has been taken will usually be found in closi 
proximity to the body, although the absence of such vessel is noi pi 
that the case is one of homicide. 

The presence of hydrocyanic acid may be readily detected 
after death, and, notwithstanding the volatility and instability of 
poison, its presence has been detected two months after death, atth< 
the chances of separating it are certainly the better the sooner i 
death the analysis ia made. The search for hydrocyanic acid ia combi 
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with that for phosphorus (see p. 109); the part of ths distillate contain- 
ing the more volatile products is examined by the tests given above; it 
ia beat, when the presence of free hydrocyanic acid is suspected, to dis- 
til at 6rat without acidulating; in 8nch cases the stomach should nener 
be opened until immediately before the anaiyaia. 



Cyanio Aoid. 



1 n&ture; it is obtained 



Cyanogen hydrate, ji /O — does not exist i 

"" "1 presence of an oxidizing agent; or by the 
' ' of the alkalies or alkalin 



s by the distillation of cyanurio 



by calcining th 

action of dicyanogen upon soiutic 

nates; the best method of obtainin 

acid. 

It is a colorless liquid; has a strong odor, resembling that of formic 
acid; its vapor is irritating to the eyes, and it produces vesication when 
applied to the skin; it is soluble in water. When free it is readily 
changed by exposure to air into cyamelide. The acid itself is of tittle 
interest; some of its salts and ethers, however, are of industrii 
portance. 



Sulphocyanio Add. 



Cyanogen aulphydrale, 



yS — bears the same relation to cyanic 



kcid that carbon disnlphide does to carbon dioxide. It is obtained by 
the decomposition of its salts, which are obtained by boiling a solution of 
the cyanide with sulphur, by the action of dicyanogen Upon tho metallic 
•ulphide, and in several other ways. 

The free acid is a colorless liquid; crystallizes at —12.5°; boils 
102.5°; acid in reaction; sp.gr. 1.040 at 17°. The prominent reacti 

cid and of its salts is tlie production of a deep red color wiih the 



ferric salts; the color being discharged by solution of 
but not by hydrochloric 
Sulphocyanic acid e: 
with sodium. The free 
merly supposed to be so 
deleterious action of the poti 



c chloride. 



is due as much to tho metal as to the acid. 



Metallooyanldes. 



human saliva in combination, probably, 
actively poisonous and its salts were for- 
t is probable, however, that much of the 
m salt — that usually experimented with — 



The radical cyanogen, besides coi 
form true cyanides, in which the radlc 
is capable of combining with certain 
and platinum groups, to form still nioi 
ing with hydrogen, form acids, and 
which the analytical reactions of the : 




ihining with metallic elements to 
il (CN) enters as a univalent atom, 
metals; notably those of the i 
a complex radicals, which, i 
vith basic elements form salts in 
;tallic element entering into the 



radical, are completely masked. Of these melaUocyanides the best known 

sro those in which iron enters into the radical. As iron is capable of 

forming two aeries of compounds, in one of which the single atom Fe" 

• in itB divalent capacity, and in the other of which the hexavi' 
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<loubte atom (Fc,)'' is contained; so, uniting with cyanogen, iron forma 
two ferrocyanogen radiculs: [(CNy,Fe"]'*, fcrrucyatiogeii, and [(CN)',, 
(Fe )"]", ferrioyanogcn, each of which unites with hydrogen to form an 
acid, corresponding to which are numerous salts: (C,N,Fe)H,, hydroffr- 
roeynnie acid, tetrabaslc; and (C,,N|,Fe,)H^ hydrof'erricyanie acid, hex- 



c (see potassium and iron salts). 



COMPOUNDS OF UNKNOWN CONSTITUTION. 
GLtrcosiDKS, 



J 



Under this head are classed a number of substances, some of them 
portunt mediciriit] agencs, which are the products of ve^table or aiii 
nature; their characteristic property is that, under the influence a 
dilute mineral acid, they yield glucose, phlorogluciue or mannite, together 
with some other aubstance. Under the supposition that glucose and its 
congeners are alcohols, it ia quite probable that the glucosides are their 
corresponding ethers. 

Some of the more important glucosides are treated of below in alpha- 
betical order: 

Amygdalin, C„H„NO„, exists in cherry-laurel anH in bitter almonds, 
but not in sweet almonds. Its characteristic reaction is that, in the pri-s- 
enoe of emulsin, which exists in sweet as well as in bitter almonds, 
and of water, it is decomposed into glucose, benioio aldehyde, and hydro- 
cyanic acid. 

The same reaction is brought about by boiling; with dilute sulphorio 
or hydrochloric acids. Bitter almonds contain about two per cent, of 
amygdalin. 

Apiln, G, H„0,„ is a glucoside obtained from parsley. Dilate acids 
decompose it into a white, flocculent substance of unknown composition, 
and a non-fermentable, uncrystallizable sugar. 

Arbutin, C|,II„0,(?} — a glucoaide supposed to be the active princi- 
ple of tcva ursi, is a bitter, crystalline substance, very soluble in water, 
decomposed by emulsiu or by dilute acids into glucose and hydroquinon. 

Cftrminio acid, C„H„0,„ ia the red coloring matter of cochenil; 
dilute sulphuric acid decomposes it into a non-fermentable sugar and a 
new red pigment, insoluble in ether, but soluble in alcohol. 

Cathartic acid — a bitter, uncrystalliz&ble glucoside, obtained from 

Chitln is an animal product, and forms the organic basis of the 
tissues of insects, spiders, and crustaceans. It withstands the action of 
reagents well, but, when boiled with dilute sulphuric acid, yields ammo- 
nia, a fermentable sugar, and a substance which appears to be Uctamide. 

Colooyothin — a very bitter and actively purgative glucoside, ob- 
tained from colocynth, soluble in water and alcohol; decomposed by dilute 
acids into a resin, colocijnthein, and glucose. 

Crooin — a yellowish red glucoside obtained from saffron; soluble in 
alcohol; decomposed into crocetin and a sugar resembling, hut not identi- 
cal with, glucose, 

Digitalin. — The substance known until recently as digilalin was an 
uncrvstallizable material, soluble in water, obtained from diffilalie, whose 
medicinal properties it possessed to a high degree. More recent re- 
searches have, however, shown that this substance, although very active, 
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does not contain all the active principles oE the plant, which contains llie 
true g-lucoside as a crystalline substance, insoluble in water, but soluble in 
alcohol. By a complicated system of extraction by water and by alcohol, 
and decolorization and purification of the extracts, Nativelle has obtained 
from all parts of the plant, except the seeds, 1st, a gummy, unory stall izable, 
white substance, soluble in water, sparingly soluble in alcohol; very bitter, 
acrid, and irritating, which he calls amorphout digitaleine ; 3d, the true 
glucosido, ingoluble diffitalin, wiiich crystallizes in tine needles, almost in- 
soluble in water, readily soluble in alcohol; intensely and persistently 
bitter, and actively poisonous. Sulphuric acid dissolves it with a green- 
ish brown color, changing to red under the influence of bromine vapor, 
and to emerald green on subsequent dilution with water, Hydrochlorio 
acid of 20° strength dissolves it, the solution assuming in a, few momenta 
a fine green color. When suspended in water and treated with sulphuric 
aotd it is entirely decomposed, with production of glucose and a. peculiar 
substance, dif/ilalin'ti/i, C,,IL,0,. Digitalis also contains a white, insipid 
vrystaltine substance, insoluble in water — digitalose, and a crystal lizable 
acid — lUffilalic acid, very soluble in water and in alcohol; very prone to 
decomposition when exposed to light; acid in taste and in reaction. 

For the detection of digilaUn in cases of poisoning, see p. 348. 

Glyoyrrhizln — a non-crystaliizablo, yellowish, pidverulent prinoiple, 
obtained from liquorice; soluble with difficulty in cold water, soluble in 
hot water, alcohol, and cilier; bitter-sweet in taste. By long boiling with 
dilute acids it is decomposed into glucose and glijcyrrhetin, C„H,,0,. 

Jalapin, C„U„0,,, is the active principle of scammony, and exists 
also to a limited extent in jalap (see below). It is an insipid, oolortaaa, 
amorphous substance, which is decomposed by dilute acids into gtucoa« 
a.ad jalapinol. The active ingredient of jalap is not, as the nam« would 
imply, jalapine, but a resinous substance called convohultH, which is in- 
soluble in ether, odorless, and insipid. It is not attacked by dilute sul- 
phuric acid, although the concentrated acid dissolves it with a canniue- 
red color, slowly turning to brown; in alcoholic solution it is decomposed 
by gaseous hydrochloric acid into glucose and connolouUnic <K:id. It is 
an active purgative agent. 

Phlorizin, C,,H,,0,„ Is a glucoside obtained from the bark of apple-, 
plum-, pear-trees, etc.; it crystallizes is silky needles; sparingly solub e in 
cold water, very soluble In hot water and in alcohol. Is colored yellow, then 
brown, by sulphuric acid; dilute acids decompose it Into glucose and 
phloretin, C H,.0,. 

Qudroltrln, or quercitric acid — obtained from black-oak bark; crys- 
tallizes In rectangular or rhombic plates; neutral; o<lorless; bitter; almost 
insoluble in cold water; soluble in hot water and In alcohol; readily soluble 
tu alkaline solutions, with a greenish yellow color, turning to brown by 
oxidation on exposure to air. Ddute mineral acids decompose it into iso- 
dulcUt, C.I1„0„ and quercetin, C H„0,,. 

Quinovin, or quinovaCic acid, a bitter principle, possessed of acid 
functions, obtained from the false bark known as vhic/toiia nova; it is K 
glucoside, being decomposed by dilute acids Into a sugar resembling 
mannil.nn and guinovic acid. 

Sallcin, C„U„0,— one of the best known of the glucosides; derives 
id name from its chief source, the bark of the willow («<ifi>). It is a 
white, crystalline substance; insoluble in ether, soluble In water and in 
alcohol; fuses at 130°, and is decomposed at a temperature above 200°; it 
ta very bitter; its solutions are dextrogyrous, [u]d— o5.8\ Dilute acids 
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decompose it into glucose and aaliyftiin {q. v.). Concentrated sulphi 
acid colors it red, the color being discharged on the addition of water* 
When loken into the economy it is converted into salicylic aldebydt 
acid, which itro eliminated in tha urine. 

Santonin — Saiitonic acid — (J,,H„0, — Santoninum (U, S., Br.) 
glucoside having' distinct acid properties; obtained from various apecicK 
of Artemisia (Levant worm-seed). It crystallixes in colorless, reotanguW' 
priBms, which turn yellow on exposure to light; odorless and tasteleu; in- 
soluble in cold water, sparingly soluble in hot water, alcotiol, and ether; 
its solutions are faintly acid In reaction. Sulphuric acid, aided by heat, 
decomposes it into glucose and a yellotvish, odorless, tasteless resinoid, in- 
soluble ill water, soluble in alcohol, called aaiitoniretin. Santonin, in so- 
lution, gives a chainois-coiored precipitate with the ferric salts, and a 
white precipitate with silver, zinc, and mercurous salts; no precipitate 
with mercuric salts. 

Patients taking santonin pass urine having the appearance of that 
containing bile, wideh, when treated with potash, turns cherry-red or 
crimson, the color being discharged by an acid, and regenerated on neu- 
tralizalioii. J 

Soianln — a glucoside, having basic properties, existing in different^ 
plants of the genus Solanvtn. It crystallizes in fine, white, silky needles; 
caving an acrid, bitter taste; insoluble in water, and but sparingly soluble 
in ether and in alcohol. By the action of hot dilute acids It is deoom- 
posed into glucose and a basic substance, aolatiidine; when not h«>,ted, 
Golanin combines with acids to form uncrystallizable salts. Cold, con- 
centrated sulphuric acid colors it orange-yellow, and finally forms with it 
a brown solution; nitric acid dissolves it, the solution being at first color- 
less, afterward rose-pink. 

Tannin — Tannic acid — C|,Hj,0 . — Quite a number of different sub- 
stances of vegetable origin, principally derived from barks, leaves, and 
seeds. They are amorphous, soluble in water, astringent, capable of 
precipitating albumen and of forming imputresoible compounds with the 
gelatinoids. They are, with one possible exception, gluoosides. Thai 
principal varieties are the following: A 

GaUo-tannic acid — Acidum tannicum (U, S., Br.) — is the beat knownJ 
of the tannins, and is obtained from nut-galls, galia (U. S., Br.), whii^ 
are excrescences produced Upon oak-trees by the puncture of minute in- 
sects. It appears as a yellowish, amorphous, odorless, friable man; haa 
an astringent taste; very soluble iti water, less so In alcohol, almost insol- 
uble in ether; its solutions are acid tn reaction, and on contact with ani- 
mal tissues give up the dissolved tannin, which becomes fixed by th« 
tissue to form a tough, insoluble, and non-putrescible material (leather). 

Solutions of gallo-tannic acid yield insoluble precipitates with sulphuric, 
hydrochloric, phosphoric, and arsenic acids, sodium chloride, potassium 
acetate, gelatin, and ammonium chloride. It also precipitates solutions 
of most of the metallic salts, in many instances effecting a reduction and 
separation of the metallic element. The tannates of the alkaline metals 
are soluble, and become colored on exposure to air; almost all other too- 
nates are insoluble, including those of the vegetable alkaloids. 

A freshly prepared solution of pure gallo-tannic acid gives a dark bliM 
precipitate with ferric salts, but not with ferrous salts. If, however, tkftJ 
solution have been exposed to the air, it is altered by oxidation, and give^ ' 
with ferrous salts, a black color, in whose production gallic acid probably 
plays an important part, which is the coloring material of ordinary writinf^' 
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ink. A gtiod ink is made by boiling' six parts of crushed nut-galls 
forty-five parts (by weight) of water for lliree hours, replacing the water 
as it evaporates, cooling and filtering; a solution containing ;^.5 parts of 
gum arable dissolved in a small quantity of water and Rtrained, and, finally, 
a concentrated solution of 'i.5 parts of ferrous sulphate, are added; the 
mixture is exposed to the air until it has assumed the proper tint (two to 
threo weeks), decanted, and bottled. The color of this inlc is discharged 
by oxalic and sulphuric acids. Removals of writing in iron ink by acids 
may be detected by first moistening with pure water, and testiu;; by lit- 
mus paper; the reaction will be acid, unless the acid have been neutralized; 
the surface is then pencilled with a dilute solution of ammonia, and after- 
ward with a solution of nut-galls, when the writing will become more or 
less plainly visible. 

Other characters of gallo-tannio acid are the formation of precipitates 
s of albuminoids, gelatin, alkaloids, and tartar emetic. Iti 
on remains unaltered when protected from air, but by expO' 
sure it becomes colored and mouldy, ferments, and is converted into gallit 
acid; the same changes are caused by dilute acids i 
when gallo-tannic acid is ingested. 

Although formerly considered as a glucosido, an 
existing as such in vegetable nature, recent research) 
tannic acid to be, not aglucoside, but digallic acid. 

Ct^etannic acid exists in saline combination in co .^ . 

tea. It colors the ferric salts green, and does not affect the ferrous salts, 
except in the presence of ammonia; it precipitates the salts of quinine 
and of cinchonine, but does not precipitate tartar emetic or gelatin. It 
is a gluooside, being dooomposed by suitable means into caffeic acid and 
tninnitan. 

Cachoutannic acid, obtained from catechu, is soluble in water, alco- 
hol, and ether. Its solutiona precipitate gelatin, but not tartar emetic; 
they color the ferric salts grayish green. 

Morintannie acid — Maclurin — a yellow, crystalline substance, ob- 
tained from fustic; more soluble in alcohol than in water. Its solutions 
precipitate green with ferroso- ferric solutions; yellow with lead acetate; 
brown with tartar emetic; yellowish brown with cupric sulphate. It is 
decomposable into phloroglucin and protoeatechuic acid. 

$u«rci((i»n(c aei'iHs tne active tanning principle of oak-bark; it dif- 
fers from gallo-tannic acid in not being capable of conversion into gallic 
acid, and in not furnishing pyrogallol on dry distillation. It forma a vio- 
let-black precipitate with ferric salts. The tannin existing in black tea 
■eems to be quercitannic acid, 

Quinotanriic acid, a tannin existing in cinchona barks, probably m 
combination with tho alkaloids. It is a light yellow substance; soluble 
in water, alcohol, and ether; its taste is astringent, but not bitter. Di- 
lute sulphuric acid decomposes it, at a boiling temperature, into glucose 
and a red substance — qttiiiova red. 

The tannin existing in wines, especially in new red wines, appears to 
be a mixture of at least two tannins, one derived from tho seeds and 
•terns of the grape (none exists in the juice), and the other from the 
wood of the cask; it has the valuable property of forming an insoluble 
compound with albumen, and thus removes and prevents further change 
of the albuminoids. 
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NATURAL AIiKAIiOIDS. 

Under this head are classed a number of substances of great interest 
to the physician. They exist for the most part in vegetable nature, com- 
bined with acids, for which reason they are sometimes called vegetable 
haseSy or vegetable alkalies/ the comparatively recent discovery, however, 
of substances possessine all the characteristics of alkaloids in materials of 
animal origin/renders these terms inapplicable. 

The alkaloids, as the name implies, bear some resemblance to the al- 
kalies; they are alkaline in reaction, and combine with acids to form salts 
in the same way as does ammonia; there is good reason for believing, 
also, that these salts, as those of the amines {q, v.), are compounds of radi- 
cals bearing the same relation to the alkaloid itself that ammonium bears 
to ammonia: 

2NH, + SO,H, = SOJNHJ, 

Ammonia. Snlphorie Ammonium 

»dd. snlphatfT. 

2C„H,.N0. + SO,H, = SO, (C„H,.NO.). 

Morphia. Solphorio acid. Morpboniam sulphate. 

They may bo divided into two principal groups; those of the first are 
liquid and volatile, and are composed of carbon, hydrogen, and nitrogen; 
the synthesis of one of their number, effected by Schiff, leaves no doubt 
that they are true amines. The members of the second group are solid, 
volatilizable with difficulty, if at all, and are composed of carbon, hydro- 
gen, nitrogen, and oxygen. Although, in spite of much patient research, 
no chemist has hitherto succeeded in effecting the synthesis of an oxygen- 
ated alkaloid, their compounds and the products of their decomposition 
lead us to believe it highly probable that they will be found to be amides. 
The solid alkaloids are all colorless, bitter, insoluble, or sparingly soluble 
in water, and most of them crystallize readily and perfectly. 

A knowledge of certain physical and chemical properties possessed in 
varying degrees by the alkaloids in common, is of great value in phar- 
maceutical and toxicological chemistry. 

Solubility,^ As a rule the alkaloids are insoluble in water, or nearly 
so, more soluble in alcohol, chloroform, petroleum ether, and benzene; 
the solubility of the salts of the alkaloids differs in a remarkable way from 
that of the alkaloids themselves, for, while both are soluble in alcohol, the 
salts are, for the most part, soluble in water and the alkaloids are not; on 
the other hand, the alkaldids are soluble in petroleum ether, benzene, 
ether, chloroform, and amyl alcohol, in which menstrua their salts are 
either insoluble or \BTy sparingly soluble. It is upon these differences of 
solubility that the methods for separating alkaloids, etc., from animal 
tissues are based (see below). 

Rotary power, — All the natural alkaloids exert a rotary action upon 
polarized light, and all, with the exception of cinchonine and quinidine, 
are Isevogyrous. As a rule, their rotary action is diminished by combina- 
tion with an acid, in the absence of an excess of acid; with quinine, how- 
ever, the reverse is the case; narcotine, when free, is lasvogyroutt, but in its 
salts is dextrogyrous. 
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General reactions. — Potash, soda, ammonia, lime, barjta, and mag- 
nesia precipitate tlie alkaloids from solutions of their salts. 

Quito a number of reagenis have been suggested by various authors, 
which give with solutions of the salts of all the alkaloids, even when very 
dilute, characteristic precipitates. Tiie principal of these rcap;enta are: 

Phosphortiolybdic acid. — The reagent ia prepared as follows: am- 
monium molybdate ia dissolved in water; the solution filtered, 
quantity of crystallised hydrodisodic phospliate, one-fifth in weight of tlia 
used, is added, and then nitric acid to strong' acid reaction; 
a is wanned and set aside for a day or more. The yellow p 
cipitate is collected on a filter, washed with water, acidulated with nil 
acid, and, while still moist, transferred to a porcelain capsule, to which 
the liquid obtained by exhausting the remainder on the filter with am- 
monium hydrate is added. The 6uid so obtained is warmed and gradu- 
ally treated with pulverized sodium carbonate until a colorless solution is 
obtained; this is evaporated to dryness, a few crystals of sodium nitrate 
are added to the residue, and the whole gradually heated to quiet fusion, 
and until the ammonia has been espelled. After cooling, the residue Is 
dissolved in warm water in the proportion of one to ten, acidulated with 
nitric aeid, and decanted. 

To use the reagent, a drop of the suspected solution is placed upon a 
glass plate with a black background, and near it a drop of the reagent; 
the two drops are then made to mix slowly by a pointed glass rod. In 
the presence of even a minute trace of an alkaloid (or of certain other 
substances) a precipitate is formed, which is briglit yellow and floeculent 
with aniline, morphine, veratrine, aconitine, emetine, atropine, hyoscva- 
mino; bright yellow and voluminous with theine, theobromine, conifne, 
nicotine; brownish yellow with narcotine, codeine, piperine; yellowish 
white with quinine, cinchonine, strychnine; yolk-yellow with brucine. 

The value of this reagent is not in its capacity to differentiate between 
the various alkaloids, but in its indication of tiw probable pmsenoe or cer- 
tain absence of some alkaloid in appreciable quantity. 

J'otassium iodhydrargijraU, obtained by dissolving 13.546 grams of 
mercuric chloride and 4!). 8 grams of potassium iodide in a litre ol water. 
A very sensitive reagent when applied to alkaloidal solutions which are 
either acid, neutral, or very faintly alkaline in reaction. 

The solution, nisde of the above strength, may be used for quantitative 
determinations. The reagent is added from a burette to the solution of 
alkaloid until a drop, filtered from the solution which is being tested, and 
placed upon u black surface, gives no precipitate with a drop of the r&- 
agent. Each c.c. of reagent used indicates the presence in the vuluma 
of liquid tested of the following quantities of alkaloids. In grama: 

Aooaitliie 0.02«7|Brarfne 0.033a iNlooUne 0.0040B 

Attopina 0.0143 I Veratrine 0.0380 Qulmna 0.0108 

NarcutiiM 0.0318 ' Morphios 0.0300 Cinohoniue 0.0103 

. O.OiaTlOonifiie O.OOtlolQiuaidlna ^0.01 90 
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' Separation o/ cdkaloitU from organic mixtures and from each oUier,— 
One of the most difficult of the toxicologist's tasks is the separation franf 
a mixture o[ organic material (contents of stomach, viscera) of an alkatoi~ 
in such a state of purity as to render its identiltcatioR perfect. The dtS 
culty is tlie greater if tbe amount present be small, as is usually the case^ 
and if the search be not confined to a single alkaloid, as frequently ocourB;8 
Some of those substances, as strychnine, are detectable with much greate 
facility and certainty than others. 

Of the processes hitherto suggested, the best is that of DragendorS 1 
(Gerichtl. Chem. Ermittel. der Gifte, p. 141, 1876), it having beea I 
devised for the detection of any alkaloid or poisonous organic principle 
present in the substances examined, is very exhaustive, and well adapted 
to cases frequently arising in chem i co-legal practice; but, on the other 
band, is too intricate to be serviceable to the general practitioner. 

An abridgment of this process may be of use to detect the presence m 
of the more commonly used alkaloids in a mixture of organic materiaUj 
The physician should, however, bear in mind that, in cases liable to gi 
rise to legal proceedings, these may become seriously complicated by t 
analysis of any parts of the body, dejecta, or suspected articles of food^l 
etc., by any process open to attack by the most searching cr03s-ex-| 
amination. 

The substances to be examined are reduced to a fine state ( 
division, and are digested (or an hour or more in water acidulated witU 
sulphuric acid, at a temperature of 40° to 50°; this is repeated thr< 
times, tbe liquid being littered and the solid material expressed. 
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united extracts are evaporated at the tempt 
thin syrup; this is mixed with three or foui 
ture kept at about 35° for twenty-four ho 
the residue being washed with seventy per 
distilled from the filtrate, and the watery ri 
filtered. 

Tije filtrate so obtained contains the sulphates of the alkaloids, and 
from it tbe alkaloids themselves are separated by the following steps: 

Ji^nt. — The acid watery liquid is shaken with freshly reciilied petro- 
leum ether (which should boil at about 05° — 70°, and should be usi ' '' ' 
caution, as it is very inflammable); after several agitations the etbi 
is allowed to separate and is removed; this treatment is repeated 
as the ether dissolves anything. Tbe residue obtained by the evaporatioi 
of the ether — Jiesidue I.— is mostly composed of coloring matters, etc^' 
which it is desirable to remove. 

Second. — The same treatment of the watery liquid is repeated » 
benzene, which on evaporation yields Jiesidue II., which is, if crystallinfl^ 
to be tested forcantharidin, santonin, and digitalin (y. v.); if amorphou^j 
for elaterin and colchicin. 

77tjVrf.— The acid, aqueous fluid is then treated in the same way with ' 
chloroform, to obtain Jiesidue III., which is examined for oinchonine, 
digitalin, and picrotoxin by the proper tests. 

Fourth, — The watery fluid, after one more shaking with petroleum 
ether and removal of the ethereal layer, is rendered alkaline with ammo- 
nium hydrate and shaken with petroleum other at 40°, tbe ethereal layer 
being removed as quickly as possible while still warm; this is repeated 
two or three times, and repeated with cold petroleum ether, which is re- 
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moved after a. time. The warm ethereal layers yield Jiestdue IVo/ the i 
cold ones Meiulae Wb. The former is tested for strychtilne, quinine, 
brucine, veratriue; the latter for ooiiilne and nicotine. 

Fijilt. — The alkaline, watery fluid is shaken with benzene, which, on 
evaporation, yields Jteaidiie V., which may contain strychnine, brucine, 
quinine, cinchonine, atropine, hyoacyamine, physostigminc, aconitine, co- 
deine, thebaine, and iiarceiiie. 

Sixth. — A similar treatment with chloroform yields Residue VI., which 
may contain a trace of morphine. 

Seventh. — The alkaline liquid is then shaken with amyl alcohol, which 
is separated and evaporated; Residue VII. is tested for luorphin 
and salicin. 

Eighth. — Finally, the watery liquid is itself evaporated with pounded 
glass, the residue extracted with chloroform, and Jiesiduc VIII., left by 
the evaporation of the chloroform, tested for c 



VolatUe Alkaloids. 



CoBiiine — Conicine — CiculiJie — C,H„N — was discovered in 18S7, and 
is obtained from Conium maaulatum, in which it is accompanied by two 
other alkaloids, metkyl-coniine, C,H,.N (CH,), and confi;fdnn, U,H„NO 
— the former a volatile liquid, the second a crystalline solid. 

Conilne is a colorless, oily liquid; has an acid taste and a disagreeable 
penetrating odor; sp. gt. 0.S78; can be distilled when protected from 
air; boils at 213°; exposed to air it rexinihes; it is very sparingly solu< 
ble in water, but is more soluble in cold tlian in hot water; soluble in all 
proportions in alcohol, soluble in sin volumes of ether, very soluble in 
fixed and volatile oils. 

The vapor which it gives off at ordinary temperatures forms a white 
cloud when it conies in contact with a glass rod moistened with bydro> 
chloric acid, as does ammonia. It forms salts which crystallixe with 
difficulty. Chlorine and bromine combine with it to form crystal I isable 
compounds; iodine in alcoholic solution forms a brown precipitate in al- 
cobolio solutions of conilne, which is soluble without color in an excess. 
Oxidizing agents attack cotiiYne with production of butyric acid (see 
below). The iodides of ethyl and methyl combine with conilne to form 
ethyl and melhyl-conium. It has been obtained synthetically 
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2(C.H.O) 
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AmmoalL DlbutTnldliis. 



The dibutyraldine thus obtained is then heated under pressure to 150°- 
180% when it loses water: 



c,H,.N -f n,o 
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A svTithesis which, in connection with the decompositions of coniinu 

((;.H,)' ) 1 

shows its rational formula to be (C.U,)' )■ N. I 

H j 

The characteristic reactions of conime are: 1st, treated with dry hM 
drochioric acid gas It turns reddish purple and then deep iudigo-bluM 
the aqueous acid of sp. gr. 1,12, when evaporated from conilne leaves II 
greenish blue, crystalline mass; 2d, iodio acid forms a white precipita^ 
in alcoholic solutions of coniine; 3d, with sulphuric acid it forms a sam 
phate which by evaporation of the acid turns red and then green, givituB 
off an odor of butyric acid. ^ 

When taken internally it is an active poison, causing death by SH 
phyxia, often as quickly as prussic acid. I 

Hiootine, C,,H,,N, — exists in tobacco in different proportion in dili 
ferent varieties, from two per cent, to eight per cent. i 

It is a colorless, oily liquid, which turns brown on exposure to Ughff 
and air; has a burning, caustic taste and a disagreeable, penetratinfl 
odor; it distils at 250°; it burns with a luminous flame; sp. gr. 1.027 S 
16°; it is very soluble in water, alcohol, the fstly oils, and ether; tbd 
last-named fluid removes it from its aqueous solution when the two artf 
shaken together; it absorbs water rapidly from moist air. Its salts arfl 
deliquescent and crystallise with difficulty. i 

Its principal reactions are: 1st, an ethereal solution of iodine addeS 
to an ethereal solution of nicotine separates at first a reddish brown, tea* 
inoid oil, which gradually becomes crystalline, and there separate from 
the solution crystalline needles, often one to two inches long, which are 
red by transmitted, and dark blue by reflected light; 2d, it turns 
when heated with hydrochloric acid; 3d, it is colored orange-yellow 
by nitric acid. 

Nicotine is an active poison, being fatal to dogs in doses of 2 — 3 
drops, by causing asphyxia. It is interesting in the history of toxi- 
cology as having been used in a case of criminal poisoning, for the Inveft* 
tigatton of which Staa devised the first systematic method of searching! 
for the alkaloids. 
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Fixed Alkaloids. 

These are much more numerous than those which are volat 
form the active principles of a great number of poisonous plants. As we' 
are yet in the dark as to the constitution of these bodies, the only classi- 
fication which we c^n adopt is the temporary one based upon the botanic 
characters of the plants from which they are derived. 



Opium Alkaloids. 



Opium is the inspissated juice of the capsules of the poppy. 
exceedingly complex composition, and contains, besides a neutral boi 
called rneconine, probably a polyatomic alcohol, C,„H,jO,, a peculiar aci 
«t'rf (y. p.), lactic acid, gum, albumen, wax, and a volatile mat- 
Jess than eighteen diETerent alkaloids, one or two of which, how- 
e probably farmed during the processes of extraction, and do not 
It in opium. 
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OPIUM ALKALOIDS. 



The following is a list of the i 
b«ing of medical intereet: 
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Morphlne, C„n|,NO, + Aq. — This alkaloid was probably obtained in 
an impure form by Boyle in the seventeenth century. In 1803 Segitin, 
Derosne, ami Sertucrner almost simultaneously obtained crystalline prin- 
ciples from opium, but failed to recognize their basio character; it was 
only in 1S17 that Sercuerner recognized the true nature of morphine, and 
was thus the Tirst to discover a vegetable alkaloid. 

Morphine cryalsllixes in colorless prisms; odorlesH, but very bitter; it 
fuses ftl 120°, losing its water of crystal! iiation; more strongly heated. It 
swells up, becomes carbonieed, and finally burns. It is soluble in 1000 
pts. of cold water, in 100 pts. of boiling water; in ZO pts. of alcohol of 
0.83, and in 13 pts. of boiling alcohol of the s 
cold amyl alcohol, much more soluble in the 
insoluble in aqueous ether; rather moro soluble ii 
insoluble in ben ' " ' ' "" 

dissolve murphiT 
cipitated from s 
line form. 

Morphine combines with acids to form crystallizablo salts, of which the 
chloride, sulphate, and acetate are used in medicine. The action o( hy- 
drooliloric acid upon morphine is interesting; if morphine be heated for 
some hours with excess of hydrochloric acid, under pressure, to 150°, it 
loses water and is converted into a new base — apomorphine, C'|,H„NO, — 
avaluble emetic, which may be administered hypodermically. It is a crys- 
talline solid, soluble in ether. 

TesUJbr morphine. — 1st. Nitric acid colors it red, changing to yel- 
low, 2d, If a fragment of morphine be moistened with cold concentrated 
sulphuric acid and allowed to stand twenty-four hours, a colorless solution 
remains, wliich turns pink or red on the addition of a trace of nitrio acid. 
If, as Is almost invariably the case, the sulphuric acid contain nitrio 
4cirl, the ri'd color is produced without atldition of nitrio acid. The fluid, 
when warmed, cooled, and diluted with water, turns deep mahogany brown 
on the addition of a splinter of potassium dichromate. 3d. A mixture of 
morphine and cane-sugnr {one to four) added to concentrated sulphuric 
acid, communioatcs to it a dark red color, which, when dealing with very 

U quantities of morphine, can bo brought out by tlie additioa of « d 
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of bromine water. 4th. Morphine redaces solutions of iodic acid with liber- 
ation of iodine. The test is best applied by adding to the morphine resi- 
due, on a watch-glass, a drop or two of chloroform, then a few drops of a 
solution of iodiu acid, and stirring; if morphine be present, the chloroform 
is colored violet. This reaction is quite delicate, and, tn the absence of 
other reducing agents, characteristic of morphine, as it is not brought 
about by any other vegetable alkaloid. 5th. A neutral solution of a mor- 
phine salt colors neutral solution of ferric chloride a deep blue. 6th. If a 
solution of molybdic acid in sulphuric acid (Frohde's reagent) be added to 
a trace of morphine or of a morphine salt, it is colored a beautiful violet 
by the reduction of the molybdenum compound; the color gradually 
changes to blue, then to a dirty green, and finally to a very faint pink; it 
is instantly discharged on the addition of water. 7th. A solution of ace- 
tate of morphine, warmed with an amrooniacal solution of silver nitrate, 
produces a gray precipitate of metallic silver; the filtrate turns red or pink 
on the addition of nitric acid. 8th. Auric chloride forms, with solutions 
of morphine, a yellow precipitate, which subsequently turns violet-blue. 

Ck>deine, C,.H„NO,-hAq. — crystallizes in large rhombic prisms, or, 
from ether without water of crystallization, in octahedra; it is bitter; sol- 
uble in 80 pts. of cold water, 17 pts. of boiling water; very soluble in al- 
cohol, ether, chloroform, benzene; almost insoluble in petroleum ether; 
fuses at 158°. 

It dissolves in cold, concentrated sulphuric acid, the solution being 
colorless, but assuming a blue color after several days, or immediately on 
being warmed. Frohde's reagent (see Morphine) dissolves it with a dirty 
green color, which, after a time, turns to blue. Neutral solution of ferric 
chloride is only colored blue by it after the addition of sulphuric aoid« It 
combines with iodine to form a ruby-red or violet compound. 

Codeine is probably derived from morphine by the substitution of 
methyl (CH,) for an atom of hydrogen, C„H,, (CH,)NO,=C„H NO,, be- 
cause, by acting upon codeine with hydrochloric acid, as in the formation 
of apomorphine from morphine, that base is formed along with methyl 
chloride: 

C,.H,,NO. -h HCl = C„H„NO, + H,0 + CH,a 

Codeine. Hydrochloric «cid. Apomorphine. Water. Methyl <dalorlda. 

Naroeine, C„H„N0^-h2 Aq.— crystallizes in fine, prismatic needles; 
bitter; sparingly soluble in water, alcohol, and amyl alcohol — much more 
soluble in the same solvents when warm; insoluble in ether, benzene, and 
petroleum ether; it fuses at 92°; at 100° it loses 1 Aq., and the other at 
140°; at which temperature it is decomposed into amorphous products. 

It dissolves in concentrated sulp*huric acid with a gray-brown color, 
which, slowly at ordinary temperatures, rapidly when heated, changes to 
blood-red. Fruhde's reagent colors it first dark olive-green, which passes 
after a time, or,' when heated, to red; if an incipient red color have been 
obtained by heating the mixture, it on cooling gradually turns blue, be- 
ginning at the edges. It is colored blue-violet by iodine solution, like 
starch. A solution of iodine in potassium iodide solution causes, in nar- 
ceine solutions, an amorphous brown precipitate, which, after a time, be- 
comes crystalline and lighter in color. 

Narcotine, C„H„NO^ — crystallizes readily in transparent prisms; 
fuses at 177°, and, when fused,* crystallizes at 130°, and at 220** it is de- 
composed, ammonia is given off, and hemipinic acid, 0,^11,^0^^ iremaiDs; 



CINCHONA AMALOroS. 

it is &lmoat insoluble in water, readily soluble in aloohol, ether, and beti- 
lene, insoluble in petroleum etiier, uiid in water faintly acidulated with 
acetic acid; chtoroform removes it from its faydrodiloric acid solutiou 
wh«R the two are shaken together. 

Its salts are for the most part uncrystallizable, unstable, and readily 
soluble in water and alcohol. Concentrated sulphuric acid dissolves it, 
the solution being at first colorless, but turns yellow in a few moments, 
and finally, after a day or two, red. Its solution in dilute sulphuric acid 
if Tcry gradually evaporated, turns first orange-red, and ilieti, from the 
jieriphery toward the centre, bluish violet, and tiiiaily, when the acid be- 
gins to volatitixe, reddish violet. A solution of narootine in colil con- 
centrated sulphuric acid is colored red by the introduction of a truce of 
nitric acid; if the sulphuric acid contain nitric acid, the red color appears 
on dissolving the alkaloid. Frohde's reagent dissolves it with a greenisli 
color, passing to cherry-red. 

Thebaine — Paramorpkine — C„II„NO, — probably the moat actively 
poisonous of the opium alkaloids, crystallices in white, silvery plates; 
(uses at !'3°; is without taste when pure; insoluble in water, soluble in 
alcohol, ether, and beniene; its salts are readily soluble in water and 
alcohol. 

Concentrated sulphuric acid is immediately colored bright red by it, 
the solution gradually turning yellowish red. Chlorine, bromine, and 
nitric acid attack it energetically. Fr6hde's reagent behaves with it like 
sulphuric acid. Sulphuric acid containing jiitric acid is colored reddish 
orange by it. Its solution in chlorine water is colored dark reddish brown 

Meoanic acid, CJT.O. + ^Aq. — a tribaaic acid (^xisting tn opium In 
combination with a part, at least, of the alkaloids. U is obtained from 
th« calcic meconate resulting from the preparation of morpliiue. It crys- 
tallizes in small prismatic needles; has an acid, astrin;;«rit taste; loses 
its water of crystallizaiion at 120°; quite soluble In water, soluble in aU 
oohol, sparingly soluble in ether. 

The characteristic reaction of meconic acid is the production of n 
blood-red color with ferric chloride; the color is not discharged by dilute 
acids or by mercuric chloride, but is discharged by stannous chloride and 
by alkaline hypochlorites (see p. 341). 

The reactions of meconic acid and of narcotine are of great value to 
the toxicologist in enabling him to distinguish between poisoning by 
morphine and that by opium or its preparations. 



Cinchona Alkaloids. 

Although by no means so complex as opium, cinchona bnrk contains 
a great number of substances: quinine, cinchonine, ({uinidiiie, clnchoni- 
diuo, aricine; quinic, quinotannic, and quinovJo acids; cinchona red, etc. 
Of these the most important are quinine and cinchonine. 

Quinine, C„H,.N,O^.Aq.— discovered in 1820, by Pelletier and 
Caventou. It exists in the bark o/ a variety of trees of tlio genera Cin- 
chona and China, indigenous in the mountainous regions of the north of 
Soatb America, which vary considerably in their richness in this alkaloid, 
and consequently in value; the best samples of calisaya bark contain 
from 30 to 32 parts per 1,000 of the sulphate; the poorer grades 4 to 30^ 
23 -■ 
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It ia known in three different states of hydration, with one, two, and 
three molecules of water, and anhydrous. The anhydrous form is an 
amorphous, resinous substance, obtained by evaporation of solutions in 
anhydrous alcohol or ether. The first hydrate is obtained in crvstals bv 
exposing; to air recently precipitated and well-washed quinine; ihe second 
by precipitating by ammonia a solution of quinine sulphate, in which hy- 
drogen has been previously liberated by the action of zinc upon sulphi 
acid; it is a greenish, resinous body, which loses R,0 at 150°. ' 
third, that to which the following remarks applv, is formed in the 
cesses of manufacture by precipitaling solutions of quinine salts 
ammonia. 

It crystallizes in hexagonal prisms; is very bitter; fuses at 
' becomes colored, swells up, and, linaliy, burns with a smoky flame. It 
does not sublime. It dissolves in Z,ii}0 pts. of cold water, in TUO of hot 
water; very soluble in alcohol and chloroform; soluble in amyl alcohol 
benzene, fatty and essential oils, and ether. Its alcoholic solution 
powerfully lievogyrous, according to the most recent observations 
value of [n]D^= — 370.7° at 18°, which is diminished by increase of ti 
perature, but increased by the presence of acids. 

The decompositions of quinine, although of great interest to 
chemist as affording indications, slight at present, which may lead 
artificial production, are of little di' 

Dilute sulphuric acid dissolves < 
cent solutions (see below). Quini 
green when treated first with chlo: 
rent of chlorine passed through 
forms a red solution. A solution of quinine treate 
and then with some fragments of potassium ferrocy 
passing to red. 

Quinine is not used in medicine in the free 8t&t«, but in the fonni 
its salts, the most important of which are: 

!<iUpkaU — lJi»ulp?iate — Quinice sulphi 
N,0,), + 7 Aq. — is the form usually met 
matic needles; very light; intensely bittei 
to 100°; fuses readily, loses its water of ct 
and finally carbonizes; it effloresces oi 
soluble in 740 pts. of water at 13°, and 
pts. of alcohol; almost insoluble in ethe 

Its solution, mixed with an alcoholic solution of iodine, depo«t«! 
brilliant green crystalline compound. Quinine sulphate 
of water, treated with an excess of dilute sulphuric acid, 
solution containing the 

Jlydrondphale, SO,H (C^,H„N,0,) + 7 Aq. — which is conseqaeol 
the salt present in most medicinal solutions of quinine. It may b« 
tallized in long, silky needles, or in short, rectangular prisms. It di 
from the preceding salt in its much greater solubility in water, being dis- 
solved by 11 pts. of that solvent at 13°. Its solutiona exhibit in a 
marked manner the phenomena of fluorescence, being colorless, but show- 
ing a fine, pale blue color when illuminated by a bright light against a 
dark background, or bv transmitted light. 

BmilphaU, C,„H,.'N,0, (SO.H,), + 7 Aq.— a compound obtained by 
evaporating a solution of the preceding aait in the presence of an exoeaa 
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of moderately concentrated sulpliurie acid. It forms white, prismatic 
needles; very solul^le in water; is colored reddish brown by exposure to 
liglit; its solution is highly fluorescent. 

Owing to the high price of the salts of quinine, they are largely adul- 
terated. Pure quinine should respond to the following tests: when a 
gram of it is shaken up in a test-tube with 15 c.c. of ether and 2 c.o. of 
aqua ammoni.-e, tlie liquids should subsequently separate into two clear 
layers, without any niilk^ zone between them (cinchonine). When dis- 
■olvtd in hot water, precipitated with an alkaline oxalate and filtered, the 
liltrate should not precipitate with ammonia (quinidine). It should be 
completely soluble in water acidulated with sulphuric acid (fats, resins). 
It should dissolve completely in dilute, boiling alcohol (gum, starch, alka- 
line and earthy salts). It should not be blackened by sulphuric acid 
(cane-sugar). It should not bo colored red or yellow by sulphuric acid 
(salicin and phlorizin). When burned upon platinum foil, it should leave 
no residue (mineral substances). 

Cinchonine — C„H„N,0 — accompanies quinine in Peruvian bark, in 
which it is present in less amount, varying from it to 13 pts. per 1,(1(10; 
and in some cases, as in yellow Guayaquil bark, reaching 30 pts, per 1,1*00. 

It crystallizes in colorless prisms or needles without water of crystal- 
lization; fuses at 1jO% and at 230° is partly sublimed in fine needles and 
partly decomposed; it is soluble in 3,810 pts. of water at 10°, in '2,500 
pis. of boiling water; in 140 pts. of alcohol of sp. gr. 0.853 at 10°; in 
371 pta. ether at 20°; in 40 pts. chloroform; dextrogyrous, [a] = -M90.4"; 
alkaline; bitter. 

Although cinchonine dilTcrs fr 
atom of oxygen less, all atteiiipis 
alkaloid by oxidation have only r 
of quinine — oxifcinchoniiie. 

The salts of cinchonine resemble those of quin 
differ from ihem in being much more soluble in water and alcohol, and 
in not being fluorescent; they are permanent in air, and become phos- 
phorescent when heated to iuil°. 

Two oiher alkaloids derived from plants related to the cincliona re- 
quire mention. 

Cafifeine — Uieine — Guaranin — C,H„N,0, -I- Aq. — exists in coltee, 
tea-leaves, Paraguay tea, and other plants. 

It crystallizes in'long, silky needles; faintly bitter; soluble in 93 pts. 
of water at 12°, 158 pts. strong alcohol, or 218 pis. ether. Hot. fuming 
nilria acid converts it into a yellow liquid, which turns purple on the addi- 
tion of ammonia; on boiling, the mixture is decolorised and white crystals 
of chote*trophane, a methyl derivative of parabanic acid (y. tv), separate 
Chlorine acting on caffeine in the presence of water, yields a methyl de- 
rivative of alloxantine (q. v.) — amalic acid. 

Emetine — C„H„N,0, — a poisonous alkaloiii to which ipecacuanha 
owes its activity. It appears as a white, amorphous, somewhat hitter pow- 
der, almost insoluble in cold water; sparingly soluble in hot water, alco* 
hoi, chloroform, and ether; soluble in benecne and petroleum ether. 

Concentrated sulphuric acid forms with it a greenish brown solution. 
Sulphuric acid containing nitric acid colors it green, changing to yellow, 
FrOhde's reagent dissolves it immediately with a red color, passing soon 
to a yellowish green, then to green. 
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Alkaloids of the Loganiaoeas. 



Strychnine, C,,n,,N,0,— disco v«re.I in 1818 by Pelletier ai 
tou, in the 8l, Ignatius bean anil subBequenlly in other vn 
Stryirhnos. Tlie sources from whicli tlie alkaloid is now almost e 
obtained are the seeds of the Stryf/inos iitix vomira, and tlio bark of tlijl 
same tree, known as /a&fl Angoitura bark; the seeds contuin nbout 0^ 
per cent of strychnine. 

Strychnine crystallizes upon spontaneous evaporation of its solutions 
in orthorhombic prisms; by rapid evaporation or sudden cooling of its 
solutions it separates as a white powder. Its solutions are alkaline in re* 
action and have an intensely bitter taste, which is perceptible in a solu- 
tion containing only 1 part in 600,000. It is very sparing-ly soluble 
in water (in 0,l>GT parts of cold and in 2,500 parts of wiirm water). Its 
solubility in alcohol varies with the strength of the solvent; it Is insolu- 
ble in absolute alcohol; 1 part of strychnine is soluble in 120 parts of 
alcohol of sp. gr. 0.8G3 at the ordinary temperature, and in 10 parts of the 
same alcohol at the boiling-point; a weaker alcohol, of sp. gr. 0,03G dis- 
solves 1 part in 240 in the cold. It is insoluble in absolute ether, Tety 
sparingly soluble in commercial ether. Benzene and amyl alcohol dissolve 
1 part to 200-250. Its best solvent is chloroform, which is capable of 
dissolving twenty per cent, of strychnine. It is also sparingly soluble in 
oreasote, the fatty and volatile oils, glycerin, and earbon disulphido. 
From most of these solutions it may bo obtained in the crystalline form 
by evaporation. The alcoholic solutions are Irevogyroua, [a] j^ — 133° — 
ISO"; the acid solutions are much less active. Strychnine cannot be 
fused without undergoing decomposition, and is only partially capable of 

Strychnine is a powerful base; it neutralizes tlio strongest acids, being 
dissolved (with formation of a sulphate) without decomposition in con- 
centrated sulphuric acid; it also precipitates many metallic oxides from — 
solutions of the corresponding salts. 

The salts of strychnine are for the most part crystallizable, soluble i 
water and in alcohol, and are all intensely bitter. Of the sails of strj-cb>i^ 
nine the neutral ardpliaU, S0jH,(C„H„'N,0,),-t-7Aq., is generally usetT 
medicinally in place of the alkaloid; it crystallizes in rectangular prisms, 
soluble in ten parts of water; the water of crystallization is driven o£f by 
heat or in vacuo. The acetate is exceedingly soluble in water, and only 
crystallizes in the presence of an excess of acid. 

By the action of chlorine upon solutions of strychnine, compounds a 
obtained in which one or three atoms of hydrogen are replaced by ator 
of chlorine; these chlorine derivatives possess basic properties. By th« 
action of iodine upon strychnine, a peculiar substance called iodostrych- 
nine, 4C„H„N,0„3I„ is obtained, which crystallises in alcoholic fluids in 
golden yellow scales. 

The iodides of methyl and of ethyl react energetically with strychnine, 
to form the iodides of methyl or ethyletrycknium, which bear the same 
relation to the alkaloid that the iodide of ammonium bears to ammonia. 
These substances are white, crystalline solids, basic in their nature, which 
in common with similar derivatives nf other alkaloids possess the power, 
when injected subcutaneously, of producing effects very similar to those 
ofcurarine(y. r.). 

By the action of potassium nitrite upon a boiling aqueous solution of 
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strychnine sulphate, nitro;^n is given ot! and two oxidized products are 
formed; one, which crystaUixos in line orunge-yellow crystals, is oxtfatri/cU- 
nhui, C„H„N,0.; the other, formini; red crystals, is liioxustrvchniite, 0„ 
H,.NO, 

When strychnine is acted upon, witli proper precautions, by aulphurto 
acid and potassium chlorate, & crystallizable auid called atrycJinta aaid ia 
formed; it seems to be tliesame substance which, under tlie name iffcuuria 
acid, has been obtained from St. Ignatius' bcana, and with which the 
alkaloid ia probably in combination in nature. 

TeaUfor atrychiUne. — 1st. It dissolves without decomposition in con- 
centrated sulphuric acid, the solution being colorless if the alkaloid be 
pure. The alkaloid is precipitated when the solution is diluted and the 
acid is neutralized, preferably with magnesia in very slight excess. 2J, 
When a fragment of any substance, capable of yii^lding nascent oxygen 
on contact with concentrated sulphuric acid, ia added to a solution of 
strychnine in that acid, the following colors appear: a very transitory 
blue (frequently not perceptible); a brilliant violet, which slowly changes 
to rose-pink, and this in turn to yellow. Of the various oxidizing agents 
which have been recommended, we believe jiotassium dichromate to be the 
best for the purposes of this test, notwithstanding the opposite opinion 
espress<>d by Letheby and echoed verbatim by Woodman and Tidy. 

The test is best applied by evaporating, upon a procelain dish or a watch- 
glass (when the latter is used it must be placed upon a white surface 
when the dichromate is added), a drop or two of the solution suspected 
of containing strychnine; the residue ia treated with one or two drops 
of concentrated sulphuric acid, which ia spread out with a glass rod; a 
small fragment (not powder) ofpotaasium diclx-omate is tlien placed upon 
a dry part uf the watch-glass and pushed with moderate rapidity from one 
part of the moistened surface to another; if strychuine be present, the 
course of the dichromate will be marked by a violet streak, which passes 
through rose-pink to yellow. 

This reaction ia of great delicacy, being capable of showing the pres- 
ence oi {trjrs f^rain of strychnine, and if applied to a residue suitably ob- 
tained (see p. 348), is characteristic of the alkaloid. The only known 
substance, in fact, which produces the same play of colors under like con- 
ditions, is curarinc; but, as this substance is quite soluble in water and 
does not pass from its alkaline aqueous solution into the solvents used in 
the process of separation, it cannot find its way into the solutions in 
which strychnine is sought for, and cannot, therefor, give rise to any error. 
A somewhat similar reaction is produced by aniline, which may, how- 
ever, be readily distinguished from strychnine by ita being liquid or oily, 
while strychnine Is solid; by its peculiar odor, strychnine being odorless; 
and by the fact that the reaction only takes place with dilute aulphurto 
acid in the cose of aniline, and with the concentrated acid in the case of 
strychnine. The presence of morphine also interferes to a certain extent 
with the action of this test, an inturference which is, however, of but 
slight practical importance, as morphine is not found in the same residue 
u strychnine (p. I}49). In the presence of brucine the reaction takes 
place more slowly, the color only appearing after oxidation of the brucine. 
3d. A dilute solution of potassium dichromate produces in solutions 
of strychnine a yellow crystalline precipitate of strychnine chromate. 
Otto utilizes the formation of this salt for the production of the color re- 
action (3); he advises tiiat the renidue oontaining strychnine be mols- 
toned with dilute solution of potassium dichromate (L in 200); After k 
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fow momeDts the fluid is poured off, tlie deposit washed, and treated with 
ooiicentr&ted sulphuric acid, when tiie charauteristic pluy of colors is ob- 
served. 4lh. If a, Bolution of stryohiiine be evaporated in a depression 
ID a strip of platinum foil, the residue moistened with concentrated sul- 
phuric a<!id, the foil connected with the positive pole of a single cell of 
Grove's or Sinee's butterr, and s platinum wire from tiie negative pole 
brought in oontuct with the surfnoe of tlio acid, a violet color appears 
upon the surface of the foil (Lethebv). 5th. Solutions of strychnine and 
of its Sfklts are ititetiscly bitter, the taste being distinguishable in a aolu- 
tion containing one part of the alkaloid in six hundred thousand of water. 
6th. If a solution of strychnine be introduced beneath the skiu of the back of 
afrog, the animal exhibits the svmptoms of strychuine-poiaoDing: difficulty 
of respiration; tetanic convulsions induced by the slightest irritation, as by 
striking the table or blowing upon the animal; twitching of the muscles 
during the intervals between the convulsions; dilatation of the pupils 
during the convulsions, and contraction during the intervals; usually eia- 
proHthotonos, sometimes opisthotonos. The smallest frogs should be 
selected, and they should be dried with bibulous papier before the injec- 
tion nf the solution. This test, which was first suggested by itlarshall 
Hall, is very delicate; rrJinr gi^'n °^ ^^^ acetate (=yjj„ strychnine) in- 
jected into a small frog iiave produced tetanic spasms in nine and one-half 
minutes, and death in two hours. 7th. When solid strychnine, or a residue 
containing it, is moistened with a solution of iodic acid in sulphuric acid 
a yellow color appears, which soon changes to brick-red, and finally to a 
violet-red (Selmi). 8th. Moderately concentrated nitric acid. In the cold, 
colors strychnine yellow; a pink or red color indicates the presence of 
bruoine. 

Strychniiio is one of the most stable of the alkaloids, and may remain 
for a long time in contact with putrefying animal matter without unde^ 
going decomposition. 

Antidotes. — Chloroform, emetics, the atoroach-pump, chloral hydrate. 
Bruoine, C„K„N 0, — discovered in 1819 by Pclletier and Caventon,. 
is obtained from the alcoholic washings in the preparation of strychuio< 
It forms transparent, oblique, rhomboidal prisms, containing four moli 
cules of water of crystalliEation, which are readily given oiF by exposutv' 
to dry air. It fuses a little above 100°, and, on cooling, forms an amor- 
phoua, waxy mass. EiSoresced brucine dissolves in fiOO pts. of boiling, 
and in 8o0 pts. of cold water; the newly crystallized alkaloid is more 
soluble; it is easily soluble in alcohol, chloroform, and aniylic alcohol; less 
soluble in benzene, benzine, glycerin, and the volatile oils; insoluble ii 
ether and in the fatty oils. It is odorless, intensely and persistenth 
bitter. 

Brucine is a powerful base, forming salts which are, for the most part, 
crystal lizable and soluble in water. It forms compounds similar to methyl-, 
ethyl-, and iodo-strychnine under like conditions. Its action upon the 
animal economy is similar to that of strychnine, but much less energetic 
Teats for brucine, — 1st. Concentrated nitric acid gives with bruoine a 
brigln scarlet color, which soon assumes a yellowish tinge, and finally be- 
comes yellow, especially if heated; upon the addition of stannous chlo> 
ride or of colorless ammonium sulphydrate to the red lluid, it is turned 
to an intense violet, 2d. A solution of brucine assumes a bright red 
color upon the addition of chlorine water or of chlorine gas, the color chang- 
ing to yellowish brown upon the addition of ammonium hydrate. 

The separation of bruoine from strychnine is best effected by adding 
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ilution of potasaiuiu 
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to & solution of tbo mixed acetates, not too dilute, a 
dichromate ; tiie strychnine is precipitated as tho 

Igasurine — an alkaloid discovered in tmx vomica^ Dy Desnoix. In 
poisonous activity it is iutermediate botivoeu strycliiiiiia and bruoiiie, which 
alkaloids it resembles in the nature of ita action upon the economy. 

Ouraiine, C^H^^N — an alkaloid obtained from curare or vjorara, a 
South American arrow-poison. It crystallizes in fouf'Sided, hygroscopic 
prisms; very bitter; faintly alkaline; very soluble in water and in alcohol; 
insoluble in ether and beozeiie. 

Concentrated sulphuric acid colors it blue; upon the addition o£ a crys- 
tal of potassium dichromate to this solution, the same changua of color ns 
with strychnine ('/. V.) are observedj but ibey take place more slowly. 
Nitrio acid colors it purple. 



Alkaloida of the Solanaoeee. 

The alkaloids of this class are solanine, duloamarine, atropine, bella- 
donine, hyoHcyamine, lyciiie, and duboisine. 

Solatiine, 0„U„NO|, — obtained from many species of fiolatium. It 
orystallizes in small, while, shining prisms; faintly bitter and nauseous in 
tute; sparingly soluble in water, alcohol, and ether. 

Conoontruted sulphurio acid colors it orange-red, passing to violet and 
then to brown. Nitrio acid colors it yellow. 

Atropine— 2>a/«r»ne — C„H„N'0, — is the active principle of beUa- 
donna. It crystallizes in colorless needles; strongly and persistently bil- 
ter; alkaline; sparingly soluble in water, benzene, and ether; very sol- 
uble in chloroform; it volatilises when its solutions and those of its salts 
are boiled. If a fragment of potassium dichromate be dissolved in & few 
drops of concentrated sulphuric acid, the mixture warmed, a fragment of 
atropine, and then a drop or two of water added, the mixture being stirred, 
an^dor resembling that of orange-blossoms is obseri^ed. 

Hyosoyamine, C,II N0{?) — the active principle of hyoteyamus 
niffer. It forma a j-eliowish muss, drying with difficulty; has an odor of 
tobacco, and a sharp, disagreeable taste; rather soluble m water, easily 
soluble in alcohol, ether, chloroform, and benzene, 

Duboisine is a newly discovered alkaloid, obtained from a New 
Oaledoniau plant, whose characters appear to resemble those of atropine. 



Alkaloids from Other Sources. 



Culchicum autitmn'jle. Sulphuric acid 
litric acid colors it violet, then green, 
acid, colors it violet, turning to orange 



Colchicine, C„1I„N0.— f 

colors it yellow, then green. 
Sulphuric acid, containing ni 
on the addition of an alkali. 

Veratrine, C„H.,N 0, — from Veratrum aWum b.iA V. viride, -Cold 
sulphuric acid colors it brat yellow, then red, and finally tiurple. Bromine 
water colors it violet, violet-red. Pure boiling hydrocntorio aoid colors 

Muscarine — from Affarictu mtucarius. 

Physostigmine — Eseriiie — C,,II N,0, — from Pkysoatiffma venfno- 
*wn. Calabar bean. Sulphuric aoid oolors it yellow, passing, after a time, 
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, on the addiiion of bromine water. H; 
; tlie color is discharged by on excess of 

Cocaine, C,,ri,J<0, — from Erythroxylon coca. 

Aconitine, C„U„NO, — from Aet'iiliini. napdlits. "When dissolved 
iLquc<:>us phosphoric acid, and the solution carefully evaporated 
small flame, it produces a violet color at a certain point o( concentration. 
Dissolved in concentrated sulphuric acid at ordinary temperatures, the 
solution is at first yellow, and paasea very slowly through brown and red- 
brown to vioiet. . I 

Filooorplne — the recently discovered alkaloid of jaborandi. It is a 
crystalline base, forming crystallizable salts. j| 

Ptoamines — Septicine. — Under these names substances of great ill*!' 
terest to the toxtcologist have been described in tlic past few years; they 
are alkaloids obtained from animal tissues in complete or incipient putre- 
faction. They react with the general reagents for the alkaloids; some ue 
fixed, others volatile; some are soluble in ether, others insoluble in ether, 
but soluble in amyl ncohol; others insoluble in both liquids; some are strong 
reducing agents and respond to the iodic acid test for morphine. Thev 
give the following color reactions, which may appear or be absent accord- 
ing to the extent to which the putrefaction has progressed, and to the 
method of extraction: with moderately concentrated sulphuric acid a 
violet-red ; the same color with hydrochloric acid containing sulphnrio 
acid and warmed; with sulphuric acid and bromine water a more or less 
distinct red, which gradually fades; warmed with nitrlo acid and afterward 
treated with potassium hydrate, a golden-yellow; with iodic acid, sulphuric 
acid, and sodium bicarbonate, a more or lesg distinct violet-red. They an 
readily oxidizable, turn brown on contact with air, and give oif odors 
resembling those of urin? in some instances, of coniine in others, and of 
certain flowers in others. They are pungent in taste, and produce a sense 
of numbness in the tongue, and a tickling sensation in the throat. Of 
those soluble in ether or in amyl alcohol, some are n on -poisonous, aiui 
others actively toxic. 

Although these substances present such striking analogies with 
vegetable alkaloids, they differ from the more usually employed of the v 
table poisons suffioientlv, and in one or mora prominent character to e 
an extent, that any fear of their being mistaken for a vegetable po 
by the toxicologisb is groundless. 



AXfUMINOIDS. 

^ Peotkin Bodies. 

The substances of this class, exceedingly complex in their chemical 
composition, are the orfftinic substances, par excellence, being never absent 
in living vegetable or animal cells, to whose " ItCe " they are indispens- 

They are composed of carbon, hydrogen, oxygen, nitrogen, and sul- 
phur; for the most part uncrysCallizable, and proue to putrefaotion. Thejr 
arc, with some notable exceptions (see Peptones), colloids, and, as sud 
incapable of dialysis. They are all, when dissolved, Iffivogyroua, and f( 
the most part soluble in water. 

Although the individual members of the group differ from each othi 
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considerably in tiieir cliaracters, they have many properties in common. 
Thiia, they respond to the following General Tente : Ist. Millons' reoffent is 
made by dissolving, by the aid of heat, one part of mercury in two parts 
of nitric acid, sp. gr. lA'i; after solution of the mercury, the liquid ih di- 
luted with twice its volume of water, and, after standing twenty-four 
hours, decanted from the deposit. This reagent, added to a solution c 
laining a trace of an albuminoid, colors it purple-red when warmed to 
about 70". 2d, Xanthoproteic reaction. — Nitric acid colors the albui 
yellow, tho color changing to orange on the addition of ammotii 
Pettenko/cr'H reliction is produoed by the albuminoida (see p. 212). 4th. 
If a Botid albuminoid be touched with a drop of cupric Hulphate aolu 
and then with a drop of caustic potassa solutfon, and fSnally washed, a 
violet ftiark remains. The same effect is produced in solutions (see p. 2G4). 
6th. A solution of an albuminoid in excess of glacial acetic acid is colored 
violet, and rendered faintly fluorescent, when treated with concentrated 
Bulplmrio acid. Cth. Solutions of the albuminoids strongly acidified with 
acetic acid give a white precipitate with potassium ferrooyanide. 

Decompoiitioiu. — When heated with dilute acids they are decom- 
posed into two substances: one insoluble, amorphous, yellowish, called 
Kemiprotein ; the other, soluble in water, insoluble in alcohol, faintly 
aoid, called kemialbittnin. A prolonged boiling with moderately coD- 
centrated sulphuric acid decomposes the albuminoids iiito well-defined 
bodies — leucin, tyrosin; aspartio, and glutamic acids. 

Alkalies dissolve tho albuminoids more or less readily, forming soluble 
compounds (see below) ; when the solution is boiled, a part of the sulphur 
separates in the form of sulphide and hyposulphite. From the alkaline 
tolution a substance is precipitated by acids, which is Mulder's />rotet», 
identical with albumin. Concentrated alkaline solutions decompose them 
into amido-acids. By fusion with alkalies, alkaline cyanides arc also pro- 
duced. The action of caustic baryta upon albuminoids has been pro- 
ductive of most interesting results in the hands of Schlltzenberger, 
When heated with caustio baryta and water to lOO", carbonate, sulphate, 
oxalate and phosphate of barium are deposited, and carbon dioxide and 
ammonia given off in the same proportions as would result if urea were 
similarly treated; upon raising the temperature, and finally heating, under 
pressure, at 200°, a crystalline mass is obtained which contains oxalic and 
acetic acids, a numl>er of amido-acids, aspsrtic and glutamic acids, and a 
substance resembling dextrin. 

Heated with water, under pressure, at 100°, they are partly dissolved 
and partly decomposed. When exposed to air and moisture they putrefy, 
with formation of ammonia, ammonium sulphydratn, carbon dioxide, vola- 
tile fatty acids, amido-acids of the fatty series, lactic acid, iudol (?), alka- 
loid*. 

The products of the action of oxidizing agents upon the albuminoids 
vary with the agent used. A mixture of sulphuric acid and manganese 
dioxide or potassium dichromate, produces aldehydes and acids of the 
fatly and benzoic scries, hydrocyanic acid and cyanides. Nitric acid 
forms xanthoproteic acid (see above), and, afterward, derived acids of the 
benxoio series. Bromine and water heated, under pressure, with albumi- 
noids, yield carbon dioxide, oxalic and aspartic acids, amido-acids, and bro- 
mine derivatives of the fatty and benzoic series. Potassium pennanganate 
produces from the albuminoids urea, carbon dioxide, ammonia, and water. 

Contlilution. — Although our knowledge of the constitution of these 
eoB^ex bodies is still very imperfect, the researches of Schntzeo boiler 
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and others render it probablo that tliej- are complex amides, related to 
ureids (g. v.), anil funned by the cotubination of gkcoUamiDe, leuoioe, t] 
roaine, stc, with oxygenated radioais of the acetic and benzoic series. 

Claasijictitioti. — In the present stute of oiir knowledge, tlie only olassi- 
cation of these substances which oan be adopted is a temporary one, 
based more upon the physiological relations of the albuminoids than Qpuii 
their chemical charactei's, 

I. — Soluble in pure icater, eoaifvlattd hi/ Aeo(.— The members of this 
class are the true albuinim of the white of egg, serum, and Tegetabla 
albumin, 

II. — Insoluble in pupe water, aolubk in water withuut aUerati 
presence of neutral ealte, alkalies, and acids, and capable ofprtc^i 
unclianged from, these sotiUions, 

I, Qlobuliiu. — Vitellin, myosin, paraglobulin, fibrinogen. 

8. Animal caseins. — Milk casein, serum oaaein. 

3. Vegetable caseins. — Gluten casein, legtimin, eonglutin. 

i. First ternis of dteomponition of the albuminoids by and*, a&alit^ 
and soluble ferments. — Albuminates (so-called), acid albumin, syutonin, 
hemiprotein, peptones. 

III. — Insoluble in water andordy soluble after decomposition. Can- 
not be separated without alteration from their solutions in acids 
fiikalies. — Glutin-fibrin, gliadin, mucedin. 

IV. — Coai/tilated bi/ heat. — 0>agulated albumin and hbrin. 

V. — Atnytoid matter. — Lardaoein, 

VI. — CoUagene bodies. — Collagen, elastin, ossein and its deriratii 
ohondrigen, chondrln, gelalin, keratin, 

VII. — Munlaginoits bodies. — Mucin, paralbumin, colloidl 

I. — Egg albumin is the longest known of the albuminoids and 
ists in solution, imprisoned in a network of delicate membranes, in the 
white of egg. It is readily obtained in an impure condition by cuttins; 
the whites of eggs with scissors, expressing through linen, diluting with 
an equal volume of water, filtering and concentrating the filtrate at a 
temperature below +4U°; mineral salts, which adhere to it tenaciously, 
are separated by dialysis. It seems to be a mixture of two different sub- 
stances, one of which coagulates at G3°, and has the rotary power [ajj = 
— 43°; the other coagulates at 74", and has the value of [a]j=— 2l)°. 

Its solutions ara not precipitated by a small quantity of hydrochloric 
acid, but an excess of that acid produces a deposit which is difficultly 
soluble in hydrociiloric acid, water, and salt solution. Its characteristic 
reaction is that it is coaculated by agitation with ether. 

Senun-albtimin exists in blood-serum, chyle, lymph, pericardial 
Huid, the fluids of cysts and of transudations, in milk and, pathologically, 
in the urine. It is best obtained from blood -seriltn, after removal of 
paraglobulin (q. v.), by a tedious process, and only then in a state of 
doubtful purity. It is less abundant in the blood of some animals than 
psraglobuhn, but more abundant in that of man. 

Solutions of serum-albumin are Irevogyrous [«]]'=— 50°; they are not 
precipitated by carbon dioxide, by acetio or orthophosphoric acid, by 
ether or by magnesium sulphate. They are precipitated by mineral 
acids, tannic acid, metaphosphorio acid, and most metallic salts. When 
heated they become opalescent at G0% and coagulate in the flocculest: 
tnrm mt t9° If^" 
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J)etection and determination of albu\ 
albnmeu in the urine cau be effected by the test by heatj 
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tbftt by nitric acid. The clear filtered urine, if nlkaline, tajwit acidulated 
with Koetic &cid and then heated to boiling; if albumin be present, n 
eloudiness, or precipitate, or even complete solidification, will ensue, &nd 
will Dot disappear, but rather augment, on the addition of concencratod 
nitric acid. Neither test alone aUurJs conclusive evidence of the prcs- 
' ence of albumin. That by heat, while it coaffulates albumin, olso precipi- 
tates earthy plioaphutes if they be present in oxcess; but these aro dis- 
solved on the addition of nitric acid. Nitric acid, although it coagulates 
albumin and dissolves the phosphates, precipitates urates if present in 
excess, but, on the other hand, the urates are more soluble in hot thai 
oold solutions, and, consequently, are not precipitated by heat. 

The acidulation of the alkaline urine, previous to heating, is impera- 
tive, as such urine does not respond to the heat-test if it contain a small 
quantity of albumin, unless it be acidulated; nitric acid should nut be 
used for this purpose, nor should more acetic acid be added tUaa just 
suffices to render the reaction acid. 

The only chemical method, hitherto devised, of determining the quar 
tity of albumin in urine with an approach to accuracy, is gruvimetrio. 
Twenty to lifty cubic centimetres of the filtered urine, according as tho 
qualitative testing shows albumin to bo present in large or small quantity, 
and diluted with water if the amount of albumin has been sufficient to 
oause solidification, are slowly heated over the water-bath, and, a: 
boiling temperature is approached, tliree to four drops of acetic acii 
added; after the urine has been at 100° for a few moments, it is th 
upon a filter. The coagulum is washed with boiling water, then 
water acidulated with nitric acid, then with alcohol, and finally, 
ether; these repeated washings not only remove impurities, but C 
the coagulum to contract, so that it can bo readily detaclied and trans- 
ferred to a weighed watch-glass; upon this it is dried at 115° and the 
whole weighed. 

The determination of albumen by tlio polarimeter or by volumetric 
methods docs not afford satisfactory results. 

Vegetable Eilbiunin exists in solution in all vegetable juices, and 
forms the most valuable constituent of those vegetables which are used as 
food. It is coagulated from its solutions at Gl°— G3°, and by nearly a 

II. — Vitelin exists in the yolk of egg and in the crystalline Ic 
la soluble in dilute solution of sodium chloride, from which it is precipi- 
tated by excess of water, by heating to 7a° — BO", and by alcohol. It i 
not precipitated by solid sodium chloride. It dissolves in weak alkalin 
solutions without alteration and in very dilute hydnichlorio acid (one t 
oue thousand), by which it is quickly converted into syntonin. 

Sdyosin is one of the principal constituents of the muscular fibre i 
rigor mortis. As obtained by KUhne it is a faintly yellow, opaluscont, 
distinctly alkaline liquid, which, when dropped into distilled ' 
poaits the myosin in globular masses, while tho water assumes a. 
action. It is insoluble in water, easily soluble in dilute salt 
from which it is precipitated by the addition of solid sodium cl 
by a heat of 55° — tlO°. Very dilute hydrochloric acid dissolves 
verts it into syntonin. 

ParaglobuUn. — This substance has been described by varioi 
under the names: plasmine fDonis), eerttm ciuein (Paimm), «< 
buline,Jibrino-pUutic tnatler (Schmidt), aeriit (Denis), and has 
subject of a vast amount of research. 

It exists in blood-serum, in perioardial fluid, hydrocele fluid, lymph 
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and chyle, from which it is obtained bj dilating with ten to fifteen rol- 
uroes of ice-cold water, treatment of the solution with a strong current of 
carbon dioxide, and washing the collected deposit with water as long as a 
portion of the filtrate precipitates with acetic acid and potassium ferro- 
cyariide, or with silver nitrate. As so obtained it is a granular substance, 
which gradually becomes more compact; insoluble in water, sparingly sol- 
uble in water containing carbon dioxide; soluble in dilute alkalies, in 
lime-water, in solutions of neutral alkaline salts, in dilute acids. Its so- 
lution in very dilute alkaline fluids is perfectly neutral and is not coagu- 
lated by heat, except tiiter faint acidulation with acetic or mineral acids; 
it is precipitated by a large volume of alcohol; its solutions are also 
precipitated incompletely by dissolving sodium chloride in them to satura- 
tion, and completely by similar solution of magnesium sulphate; this last 
method of precipitation is used for the separation of paraglobulin from 
serum-albumin (see Fibrin). 

Fibrinogen ; after the separation of paraglobulin from blood-plasma, 
as described above, if the liquid be still further diluted and again treated 
with carbon dioxide, a substance is obtained which, although closely re- 
sembling paraglobulin in many characters, is distinct from it, and, unlike 
paraglobulin, it cannot be obtained from the serum separated from coagu- 
lated blood. 

Paraglobulin and fibrinogen are both soluble in a solution of sodium 
chloride containing five to eight per cent, of the salt; when the degree 
of concentration of the salt solution is raised to twelve to sixteen per 
cent., the fibrinogen is precipitated, while the paraglobulin remains in so- 
lution and is only precipitated, and then incompletely, when the percent- 
age of salt surpasses twenty (see Fibrin). 

Milk casein, the most abundant of the albuminoids of the milk of 
mammalians, closely resembles alkali albuminates, with which it is proba- 
bly identical, as the main point of distinction has been found to be with- 
out significance; unlike pure alkali albuminates, casein is coagulated 
from its solution by rennet (the product of the fourth stomach of the 
calf) at 40°; but it has been found that alkali albuminate is also so co- 
agulated when milk-sugar and fat are added to the solution. 

Milk, — The secretion of the mammary gland is water holding in solu- 
tion casein, albumin, lactose, and salts, and fat in suspension. Cream 
consiKts of the greater part of the fat, with a small proportion of the 
other constituents of the milk. Skim milk is milk from which the cream 
has been removed. Huttermilk is cream from which the greater part of 
the fut has been removed, and consequently is of about the same compo- 
sition as skim milk. 

The composition of milk differs in animals of different species: 



Water. . . . 
Solids . . . . 
Casein . . . 
Albumin. . 

Fttt 

Lactose . . . 
Salts 



Human. 
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3.87 



4.37 
0.2G 



Cow. 
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80.01 
10.99 

3.57 

1.85 

5.05 



Mare. 



Cream. 
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90.45 
9.55 

2.53 

1.31 
5.43 
0.29 



45.09 
54.01 

6.33 

43.97 
3.28 
0.42 
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25.68 
74.32 

16.83 

10.27 

44.33« 
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Indadins^ 28.98 parts of cane-sugar. 
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The composition of cows' milk vari 
Kge, condition, breed and food of the i 
milking; and to whether the sample es, 
lut part of each miiicing. 

Cows' milk is very frequently adulterated, both by the removal of 
the cream and the addition of water. For ordinary purposes, the purity 
of the milk mny be determined by observing the specific praviiy atid the 
percentage of cream by the lactometer and creamumeter, neither of tehicJi, 
^ited alone, affords indicaliona lehich can be relied upon. The specific 
gravity should be observed at the temperature for which the instrument 
IS made, as in a complex fluid such as milk no valid correction for tem- 
perature is practical; it ranges in pure milk from 1037 to 1034, it being 
generally the lower in milk which has been watered, and in such as is very 
rich in cream, and tlio higher the less cream is present. The following 
table, from Hassall, indicates the relations between spocifio gravity and 
percentage of cream; 



Specific gravity at 15.5° . . 


1034.5 


1020.7 


1030.4 


1031.3 


1033.1 1027.5 


Cream by oreamometer, . . 


9.0 


7.5 


11.0 


0.0 


11.0 3U.S 


Specific gravity at 15.5' . . 


1031.2 


1038,8 


1030.3 


103:i.3 


1029.9 1030.C 


&eam by creamomoter. . , 


21,0 


13.0 


15.3 


18.3 


13.3 13.8 



Avetagre Bpacifio gravity, 1030.7. Average per « 






I, 13.5. 



The percentage of cream is determined by the oreamometer: a glass 
tube about a. foot long and half an inch in diameter, the uppc-r fifth (ex- 
cluding about an iiicii from the top) being graduated.into hundredths of thn 
whole, the being at the top. To nse it, it is simply filled to the 
with the milk to be tested, set aside for twenty hours and the point of 
separation between milk and cream read off. It should be above eight 
per cent. 

This method of determining the purity of milk, although sufficient 
for ordinary purposes, should not bo considered as alTordiug evidence 
upon which to base legal proceedings; in such cases nothini; short of a 
chemical determination of the percentage of fat, and of solids not fat. 
should be accepted as evidence of the impurity of milk. 

Senuu-oaseln is a substance obtained by KOhne and Eichwald from 
blood-serum diluted with ten volumes of water, freed from paraglobulin 
by carbon dioxide, and from albumin by acetic acid and heat. It is 
insoluble in salt solutions, slowly soluble in a one per cent, solution of 
sodium hydrate. Such a solution is partially precipitated by carbon 
dioxide, almost completely by acetic acid, and completely by heating with 
excess of powdered sodium chloride; incompletely soluble in dilute hydro- 
chloric acid. 

Oluten-oaseln.— That portion of crude gluten (a soft, elastic, grayish 
material best obtained from flour) which is insoluble in alcohol, hot or 
cold; Iiegutniii, a sparingly soluble albuminoid obtained from peas, 
beans, eto.; and CoDglutin, a substance closely related to leguiniu and lo 
gliadin, but differing from them in some characters, obtained from almonds, 
are three vegetable albuminoids resembling casein. 

They arc insoluble in pure water, readily soluble in dilute alkaline so- 
lutions, from which they are precipitated by acids and by rennet. 

Alkali albumlnateB— ^OfetriA of iloppe Seyler — are formed when i 
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albuminoid is dissolrpd in concpntrated solutions of potassium and sodium 
hydratee; it is very probable that they are identical with serum a 
casein. 

Acid albumins are Bubstances obtained by precipitating' solutions 4 
alburnitiuids by the simultaneous addition ot an acid and a large qu&ntil' 
of a neutral salt; they vary exceedingly in composition and pi 

Syntocin, parapcptone, is extracted from contractile tissues 
same substance is formed by the nctiuti of dilute acids upon the all 
noids, and as the tirst product of tlie aetion of the gastric juice, or oi 
turea of pepsin and dilute sulphuric acid upon albuminoids. It resembles 
serum casein closely, the only divergence in their properties beinz that 
syntonin is much more readilv soluble in a 0.1 per cent, solution of fiydro- 
cJiloric acid, and in faintly allialine liquids. 

PeptODes, aliuntinote, are the products of the action of thi 
and pancreatic juices upon albuminoids during the process of digesti 

They are soluble in water, insoluble in alcohol and ether. 1 
watery solutions are neutral, are not precipitated by acids or alkalies, or 
by heat when the liquid is faintly acid. Alcohol precipitates them in 
white, CHsein-like flocks, which, if slowly heated to 80° wiiilo still moist, 
form a transparent, yellowish liquid, and, on cooling of the liquid, 
opaque, yellowish, glassy mass. 

The most important character of the ppptonps is that tliev differ fi 
other albuminoids in being capable of dialysis tlirough animal membi 
Their presence in the blood has not been demonstrated, even in t 
vein; it is therefor probable that, almost immediately after their 
into the circulation, they are reconverted Itito albuminoids reseinbli 
although differing from, those from which they were deri\ 

lY. — Coagulated albumina are obtained, as described above, {ron 
the soluble varieties by the action of acids, heat, alcohol, etc. They ftre 
insoluble in water, alcohol, eolulions of neutral salts, dilute hydrochloriB 
acid; diflicultly soluble in dilute alkaline solutions. In acetic acid tbni 
swell up and dissolve slowly; from this solution thay are precipit»ted '"* 
concentrated salt solution. Concentrated hydrochloric acid dissolves ihi 
with formation of syntonin. By the action of gastric juice, aaturai 
artificial, they are converted first into aviitonin, then into peptones. 

Flbiin is obtained when blood is allowed to coagulate or is whipped 
with a bundle of twigs. When pure it is at first a gelatinous mass, which 
contracts to a white, stringy, tenacious material, made up of 
minute fibrils; when dried it is hard, brittle, and hygroscopic 
soluble in water, alcohol, ether; in dilute acid it swells up and dissol< 
slowly and incompletely. When heated with water to +72°, or by coi 
tact with alcohol, it Is contracted, and is no longer soluble in dilute axui* 
but soluble in dilute alkalies. In solutions of many neutral salts of six to 
ten per cent., it swells up and is partially dissolved; from this solution 
it separates on the addition of water, or upon the application of heat to 
+ 73°, or by acetic acid or alcohol. Moist fibrin has the curious propertyi 
of decomposing oxygenated water with copious evolution of oxygen. 

Fibrin does not exist as such in the blood, and the method of its foi 
ation and of the clotting of blood has been the subject of 
of experiment and argument; nor can the question be said to be defiuitel 
set at rest. In the light of the researches of Denis, Schmidt, and 
cially of llammarsten, it may be considered as almost proven that fibrin 
formed from fibrinogen under favorable circumstanoes, and by & transfoi 
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mation which is not yet understood. Wliellier paraglobulin plays any 
part directly in the formation of fibrin or not, ia still an open question. 

V. Amyloid is a pathological product, occurring in 6ne grains, n 
■emhling starch -granules in appearance, in the menibraoes of the brain 
and cord, in waxy and lardaceoua liver, and In the nails of tho blood-rea 
aels. Its composition is that of the albuminoids, from which it differs ii 
being colored red by iodine; violet or blue by iodine and sulphuric acid. 
Soluble ill hydrochloric acid with formation of syutonin; and iu alkalie 

s not attuclsed by the gastric juice, and ia not as prono to putrefaction 



s made up mainly of tricalcio phosphate, 
tal called Ossein, which ts a mixture of 
uminoid existing in the bone-cells. Collagen 
which, when treated with water under the in- 
^ yield gelatin. It is insoluble in cold water, 
converted into gelatin, which dissolves. It 



1 the commercial pro- 
When pure it is an 
ce, which swells up in 
& thick, 



as the albui 

VI. CoUagen.^Boiiy tisi 
combined with an organic 
collagen, elastin, and an alb 
also exists in all substances 
fluence of heat and pressure 
but by prolonged boiling is 
is dissolved by alkalies. 

Oelatln, obtained as above, from ossein, exists ii 
duct of that name, and in a less pure form in irlue, 
amorphous, translucent, yellowish, tasteless siibstan 
cold water, without dissolving, and forms, with boiling 
•ticky solution, which on cooling becomes, according to its concentration, a 
hard glassy mass or a soft jelh' — the latter, even when the solution ia very 
dilute. It is insoluble in alcohol and ether, but soluble, on warming, 
in glycerin; the solution in the last-named liquid forms, on cooling, ft 
jelly which has recently been applied to various contrivances for copying 
writing. A film of gelatin impregnated with potassium dichromate be- 
comes hard and insoluble on exposure to sunlight — a property which has 
been utilised in photography. 

Blastin is obtained from clastic tissues by successive treatment with 
hoiting alcohol, ether, water, concentrated acetic acid, dilute potash aolu- 
tion nnd water. It is fibrous, yellowish; swells up iu water and becomes 
elastic; soluble with a brown color in concentrated potash solution. It 
contains no sulphur, and on boiling with sulphuric acid yields glycocoL 

ChODdrigen, A substanoa closely resembling collagen, existing in the 
cartilage and the tissues of lower animals, which differs from collagen in 
yielding ohondrin when heated with water, under pressure. 

Cliondrin is distinguished from gelatin by being precipitated by al- 
most all acids, including acetic; in not precipitating with tannin; and in 
yielding IpucIu in place of glycocol on boiling with sulphuric acid. 

Keratin is the organic basis of horny tissues, hair, nails, feathersi 
vhalobone, epithelium, tortoise-shell, etc. It is probably not a distinct 
chemical compound, but a mixture of several closely related bodies. 

Mucin is a substance resembling the albuminoids, but containing no 
aulphur and existing in the di^erent varieties of mucus, in certain patbo- 

ioTutio 



[1 the di^erent varieties o 
of molluscs, in 
; fluids in which It occurs, are \ 



tat«d by acetic acid and by nitric acid, bu 
the latter; it dissolves readily in alkaline 
w«i«r, with which it forms a false solution. 
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SOLUBU! ANIMAL FERMENTS. 

Under this head are classed substances which are closely related to 
the albuminoids, which exist in animal fluids, and which have the power 
of effecting peculiar changes in other organic substances. Prominent 
among them arc ptyaliriy pepsiny and pancreatin. 

Ptyalin is a substance closely resembling diastase in its characters 
and properties, existing in saliva. Like diastase, it converts starch into 
sugar. 

Pepsin is the albuminoid ferment of the gastric juice. Attempts 
to separate it without admixture of other substances have hitherto proved 
fruitless; nevertheless, mixtures containing it and exhibiting its charac- 
teristic properties more or less actively, have been obtained by various 
methods. The most simple is that of Wittich, which consists in macera- 
ting the finely divided mucous membrane of the stomach in alcohol for 
forty-eight hours, and afterward extracting it with glycerin; this forms 
a solution of pepsin, which is quite active and resists putrefaction well, 
and from which a substance containing the pepsin is precipitated by a 
mixture of alcohol and ether. 

If pepsin is required in the solid form, it is best obtained by Brtlcke's 
method. The mucous membrane of the stomach of the pig is cleaned and 
detached from the muscular coat by scraping; the pulp so obtained is di- 
gested with dilute phosphoric acid at 38% until the greater part of it is 
dissolved ; the filtered solution is neutralized with lime-water; the pre- 
cipitate is collected, washed with water, and dissolved in dilute hydro- 
chloric acid ; to this solution a saturated solution of cholesterin, in a 
mixture of four parts alcohol and one part ether, is gradually added ; 
the deposit so formed is repeatedly shaken with the liquid, collected on a 
filter, washed with water and then with dilute acetic acid, until all hydro- 
chloric acid is removed; it is then treated with ether and water: the former 
dissolves cholesterin and is poured off, the latter the pepsin; after several 
shakings with ether the aqueous liquid is evaporated at 38^, when it 
leaves the pepsin as an amorphous, grayish white substance; almost in- 
soluble in pure water, readily soluble in acidulated water, probably fonn- 
ing a compound with the acid, which possesses the property of converting 
albuminoids into peptones. 

The so-called pepsina porci is either the c-alcium precipitate obtained 
as described in the first part of the above method; or, more commonly, 
the mucous membrane of the stomach of the pig, scraped off, dried, and 
mixed with rice-starch. 

Panoreatin. — Under this name, substances obtained from the pancrea- 
tic secretion, and from extracts of the organ itself, have been described, 
and to some extent used therapeutically. They do not, however, con- 
tain all the ferments of the pancreatic juice, and in many instances are 
inert albuminoids. The actions of the pancreatic juice are various: 1st, 
it rapidly converts starch, raw or hydrated, into sugar; 2d, in alkaline 
solution — its natural reaction — ^it converts albuminoids into peptones; 3d, 
it emulsifies neutral fats; 4th, it decomposes fats, with absorption of 
water and liberation of glycerin and fatty acids. 

The pancreatic secretion probably contains a number of ferments — 
certainly two, probably three. The one of these to which it owes its pep- 
tonc'lorming power has been obtained in a condition of comparative 



parity by Kohne, nnd called by liim tryptiii , 
digests fibrin almost immediately, but it exerts n 

The diastatio (sugar- forming) ferment of the pancreatic juice has not 
been separated, although a glycerin extract of the finely divided pancrea- 
I tie tissue contains it, along with trypsin. 

ANIMAL COLORING- MATTERS. 

Bamoglobin and its derivatives. — Iftemafo-cri/BtaUm. — Tha 

coloring malter of the blond is a. highly complex suhstance, resembling 
the albuminoids in many of its properties, but differing from them in 
being cry stall izable and in coniaining iron. 

It exists in the red corpuscles, from which it is obtained by the follow- 
ing method: the blood is allowed to coagulate in a capsule and to remain 
at rest (or twenty-four hours; the serum is decanted, the elot washed with 
water, cut into small pieces, and these agnin washed until the washings 
tre not strongly precipitated by mercuric chloride; the clot is then ex- 
tracted with water at 30° — 40", and the liquid filtered and collected In a 
cylinder surrounded with ice. A known fraction of the solution is 
treated with alcohol, gradually added from a burette during constant 
stirring of the solution, until a slight precipitate is formed; to the re- 
mainder of the aqueous liquid a somewhat smaller proportion of alcohol 
is then added than is required to form a precipitate; the mixture is placed 
in a freezing mixture, where, after some hours, an abundant crop of 
crystals separates; this is collected on a filter, washed iirst with water 
containing alcohol, and then with iced water, and finally dried below 0°. 

Iliemoglobin exists in two conditions of oxidation; in the form in 
which it exists in arterial blood, and as obtained above, it is loosely com- 
bined with a certain quantity of oxygen, and is known as oxyfuemoglobin. 
The mean of many nearly ooncording analyses shows its composition to be 
C.„H,„N„.FeS,0,„. When obtained from the blood of man and frt.m 
that of many of the lower animals, it orystallues in beautiful red prisms 
or rhombic plates; that from the blood of the squirrel in hexagonal plates; 
and that from the guinea-pig in tetrahedra. The crystals are always 
doubly refracting. It may be dried in vacuo at 0°; when it contains 
three to four per cent, of water of crystallisation, which it loses at 110° — 
120°; if thoroughly dried beiow 0°, it may be heated to 100° without de- 
composition, but the presence of a trace of moisture causes its decompo- 
sition at a much lower temperature. Its solubility in water varies with the 
species of animal from whose blood it was obtained; thus, that from the 
guinea-pig is but sparingly soluble, while that from the pig is very solu- 
ble in water. It is also dissolved unchanged by very weak alkaline solu- 
tions, but is decomposed by acids or salts having an acid reaction. 

Iliemoi/lobiit, or reduced hcemofflobin, is formed from oxyhiemoglo- 
bin in the economy during the passage of arterial into venous blood, and 
by the action of reducing sgents, or by boiling its solution at 40° in the 
vacuum of the mercury pump. 

Oxyhiemoglobin is of a much brighter color than the reduced, and 
haa a dilferent absorption spectrum. The spectrum of oxyheemoglobin 
has two bands between D and E; the one nearer D being the narrower, 
darker, and more sharply defined of the two, it Is also the last to disap- 
pear on dilution; beyond a certain degree of concentration ot the solu- 
tion tbe two bands unite together, forming & &tnc\Q,Natt;i«&, ^«.t>s.\A.-a&, 
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extending beyond both D and E. The spectrum of haemoglobin, on the 
other hand, has but one band, much broader and fainter than either of 
the oxy haemoglobin bands, extending from D to about as near E as the 
border of the oxyhsemogiobin band nearest that line. 

Haemoglobin, in contact with oxygen or air, is immediately con- 
verted into oxyhsemoglobin. With carbon monoxide it forms a com- 
pound resembling oxyhsemoglobin in the color of its solution, but in 
which the carbon dioxide cannot be replaced by oxygen ; for which 
reason haemoglobin, once combined with carbon monoxide, becomes per- 
manently unfit to fulfil its function in respiration. The spectrum of the 
carbon monoxide compound resembles somewhat that of oxyhsemoglobin, 
except that the bands are more nearly equal in width and intensity, and 
are rather nearer the violet end of the spectrum. 

When a solution of oxyhaemoglobin is boiled, it becomes turbid, and 
a dirty, brownish red coagulum is deposited; the haemoglobin has been de- 
composed into an albuminoid (or mixture of albuminoids), called by Preyer 
globin, and hoemcUin. The latter, at one time supposed to be the blood-color- 
ing matter, is a blue-black substance, having a metallic lustre and incapa- 
ble of crystallization; it is insoluble in water, alcohol, ether, and dilute 
acids; soluble in alkaline solutions. It has the composition C^^H^^N^Fe^O,^ 
(?). Although itself uncrystallizable, haematin combines with hydro- 
chloric acid to form a compound which crystallizes in rhombic prisms, 
and which is identical with the earliest known crystalline blood-pigment, 
hodrnviy or Teichmann's crystals. 

When reduced haematin is decomposed as above, in the absence of 
oxygen, haematin is not produced, but a substance identical with that 
called redticed hasmatiny and called by Hoppe-Seyler hodmocromogen. 

Biliary pigments. — There are certainly four, and probably more, 
pigmentary bodies obtainable from the bile and from biliary calculi, 
some of which consist in great part of them. 

Biliruhiny C„H,,N^O„ is, when amorphous, an orange-yellow powder, 
and when crystalline, in red rhombic prisms. It is sparingly soluble in 
water, alcohol, and ether ; readily soluble in hot chloroform, carbon di- 
Bulphide, benzene, and in alkaline solutions. When treated with nitric 
acid containing nitrous acid, or with a mixture of concentrated nitric 
and sulphuric acids, it turns first green, then blue, then violet, then red, 
and finally yellow. This reaction, known as Gmelin's, is very delicate, 
and is used for the detection of bile-pigments in icteric urine and in other 
fluids. 

Biliverdin, C„H,,N^Og, is a green powder, insoluble in water, ether, 
and chloroform; soluble in alcohol and in alkaline solutions. It exists in 
ffreen biles, but its presence in yellow biles or biliary calculi is doubtful. 
It responds to Ginelin's test. In alkaline solution it is changed after a 
time into biliprasin. 

JSilifusciHy Cj,H, N,0^ — obtained in small quantity from human gall- 
stones, is an almost black substance, sparingly soluble in water, ether, and 
chloroform; readily soluble in alcohol and in dilute alkaline solutions. 
Its existence in the bile is doubtful. 

Bilipraainy Cj,H„N,0, (?), exists in human gall-stones, in ox-gall, 
and in icteric urine. It is a black, shining substance, insoluble in water, 
ether, and chloroform; soluble in alcohol and in alkaline solutions. 

Urobilin^ or hydrohUiruhiny C„H^,N^O,. Under the name urobilin, 
Jaff6 described a substance which he obtained from dark, febrile urine, 
and Trhich he regarded as the normal coloring matter of that fluid; subse- 
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quently he obtained it from dog's bile and from human bile, from gall- 
stones and from fseces. Stercobilin from the fseces is identical with uro- 
bilin. 

Urinary pigments. — Our knowledge of the nature of the substances 
to which the normal urinary secretion owes its color is exceedingly un- 
satisfactory. Jaffe in his discovery of urobilin shed but a transient light 
upon the question, as that substance has been found to exist in but a 
small percentage of the normal urines examined, although they certainly 
contain a substance readily convertible into it ; a great deal of confusion 
has also been introduced into the subject by the description, especially 
by Thudichum, of ill-defined mixtures as urinary pigments. Besides the 
substance convertible into urobilin, and sometimes urobilin itself, human 
and mammalian urines contain at least one other pigmentary body: 
uroxanthiny or indigogen. This substance was formerly considered as 
identical with indicany a glucoside existing in plants of the genus JscUiSy 
which, when decomposed, yields, among other substances, indigo-blue. 
Uroxanthin, however, differs from indican in that the former is not de- 
composed by boiling with alkalies, and does not yield any glucose-like 
substance on decomposition ; the latter is almost immediately decom- 
posed by boiling alkaline solutions, and, under the influence of acids and 
of certain ferments, yields, besides indigo blue, indigluciriy a sweet, non- 
fermentable substance, which reduces Fehling's solution. 

Uroxanthin is a normal constituent of human urine, but is much in- 
creased in the first stage of cholera, in cases of cancer of the liver, 
Addison's disease, and intestinal obstruction. It has also been detected 
in the perspiration. 

The presence of uroxanthin in the urine is indicated by the following 
tests: 1st, ten cubic centimetres of the urine are treated with an equal 
volume of hydrochloric acid, and then with a saturated solution of chloride 
of lime, added guttatim; the solution is colored, according to the amount 
of uroxanthin present, red, violet, green, or blue; on being filtered it 
leaves a blue deposit on the paper; 2d, three or four cubic centimetres 
of concentrated hydrochloric acid are placed in a test-tube, and thirty to 
forty drops of urine added; it assumes a red, violet, or blue color; 3d, the 
urine is warmed with two parts of nitric acid to 60° — 70°, and shaken 
with chloroform; the latter fluid is colored violet-blue, and, if examined 
by the Spectroscope, shows an absorption-band between C and D. 

Melanin is the black pigment of the choroid, melanotic tumors, skin 
of the negro; and occurs pathologically in the urine, and deposited in the 
air-passages. 
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SCUCON. 

Si 28 

Also known as Bilicium^ resembles carbon, and occurs in three alio- 
tropic forms: Amorphous Micorij formed when silicon chloride is passed 
over heated potassium or sodium, is a dark brown powder, heavier than 
water; when heated in air it burns with a bright flame to the dioxide. 
It dissolves in potash and in hydrofluoric acid, but is not attacked by 
other acids. Graphitoid silicon is obtained by fusing potassium fluosili- 
cate with aluminium. It forms hexagonal plates, of sp. gr. 2.49, which 
do not bum when heated to whiteness in oxygen, but may be oxidized at 
that temper&ture by a mixture of potassium chlorate and nitrate. It dis- 
solves slowly in alkaline solutions, but not in acids. Cry^aUized Mieon^ 
corresponding to the diamond, forms crystalline needles, which are only 
attacked by a mixture of nitric and hydrofluoric acids. 

Silicon, although closely related to carbon, exists in nature in but few 
compounds; it has been caused to form artificial combinations, however, 
which indicate its possible capacity to exist in substances corresponding 
to those carbon compounds vulgarly known as organic, 6.^., silicichlorO' 
form and silicibromo/brmy SiHCl, and SiHBr,. 

Hydrogen silioide, SiH^ — is obtained as a colorless, insoluble, spon- 
taneously inflammable gas, by passing the current of a galvanic battery 
of twelve cells through a solution of common salt, using a plate of alu- 
minium, alloyed with silicon, as the positive electrode. 

Silicon chloride, SiCl^ — a colorless, volatile liquid, having an irri- 
tating odor; sp. gr. 1.52; boils at 59^; formed when silicon is heated to 
redness in chlorine. 

Silicic oxide — Silicic anhydride — SHex — SiO, — is the most impor- 
tant of the compounds of silicon. It exists in nature in the different 
varieties of quartz, and in the rocks and sands containing that mineral, 
in agate, carnelian, flint, etc. Its purest native form is rock crystal^ its 
hydrates occur in the opal, and in solution in natural waters. When crys- 
tallized it is fusible with difficulty; when heated to redness with the al- 
kaline carbonates it forms siliccUes^ which solidify to glass-like masses on 
cooling. It unites with water to form a number of acid hydrates. The 
normal hydrate, SiO^H^, has not been isolated, although it probably exists 
in the solution obtained by adding an excess of hydrochloric acid to a 
solution of sodium silicate. A gelatinous hydrate, soluble in water and 
in acids and alkalies, is obtained by adding a small quantity of hydro- 
chloric acid to a concentrated solution of sodium silicate. 

Hydrofluosilicic acid, SiF^H — is obtained in solution by passing 
the gas disengaged by gently heating a mixture of equal parts of fluor* 
spar and pounded glass, and six parts of sulphuric acid, through water, 
the disengagement tube being protected from moisture by a layer of 
mercury. It is used in analysis as a test for potassium and sodium. 
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Vn. MOLYBDENUM GROUP. 
Molybdenum^ Mo, 96; Tungsten, W, 184; Osmium, Os, 200. 

The position of this group is doubtful; osmium forms an oxide whioh 
is basio in character, and also exists in a sulphite, and it consequently be- 
longs to the next class; nevertheless, the relations of its compounds to 
those of tungsten and molybdenum are such as to induce us to place it in 
the same group with them. It is probable that the lower oxides of tung- 
sten and molybdenum will be found to possess basic characters, in which 
case the entire group should be transferred to the following class. 

Mdlybdenum — isolated with difficulty by reduction of its oxides, 
which are obtained from a native sulphide. 

Molybdic anhydridcy MoO, — unites with water to form a number of 
aoids, the ammonium salt of one of which is a sensitive reagent for phos- 
phoric acid. The conjugate phosphamolt/bdic acid is a valuable reagent 
for the alkaloids. 

TuQgstan — Wolfram — occurs associated with tin. 

Tungatic anhydride^ WO, — a yellow powder which unites with water 
to form several acid hydrates, one of which, metatungstic acidy W^O,H„ 
is used as a test for alkaloids, as are also the conjugate silico-tunystic and 
phoipJio-tungstic acids. Sodium tungstate is used to render fabrics non- 
inflammable. 

Osmium is a rare element occurring with iridium in platinum ores. 
The oxide, OsO^, known as osmic acidy is used as a staining agent in 
histological laboratories. Its vapor is intensely irritating. 



874 OENEBAL MEDICAL OHEKISTBT. 



CLASS XIL 

Eleicents whose Oxides Units with Wateb, some to fobm Bases, 

OTHSBS TO FOEM AciDS. WhICH FOEM OxYSALTS. 

I. GOLD GROUP. 
GOUD Au 197 

This, the only member of the group, forms two series of compounds: 
in one, AuCl, it is univalent; in the other, AuCl,, trivalent. Its h;^drate, 
auric add^ Au (0H)„ corresponds to the oxide Au,0,. Its oxysalts are 
unstable. 

It is yellow or red by reflected light, green by transmitted light, red- 
dish purple when finely divided; not very tenacious; very malleable and 
ductile; softer than silver; fuses at about 1200^; sp.gr. 19.258 when cast, 
19.367 when hammered. 

It is not acted upon by water, air, oxygen, or single mineral acids. 
It combines directly with chlorine, bromme, iodine, phosphorus, anti- 
mony, arsenic, and mercury. It dissolves in nitro-muriatic acid. It is 
oxidized on contact of air by alkalies in fusion. 

Aureus ohloride, AuCl — a pale yellow, insoluble powder formed 
when auric chloride is heated to 200^; decomposed at higher tempera- 
tures into chlorine and gold. 

Aurio ohloride — &old trichloride — AuCl,— obtained by dissolving 
gold in aqua regia, evaporating at about 100^, and purifying by crystal- 
Hzation from water. Deliquescent yellow prisms, very soluble in water, 
alcohol, and ether. Readily decomposed, with separation of gold, on con- 
tact with phosphorus or with reducing agents. Its solution, treated with 
the chlorides of tin, deposits the flocculent purple of Cassius. With 
the alkaline chlorides it forms permanent double chlorides — chlorcmrcUes. 
It stains the skin purple. 

Sodium chloraurate and aurous iodide have been used medicinally. 
The trichloride is an active poison and a corrosive, being decomposed by 
organic matter with deposition of gold and liberation of chlorine. 

Analytioal oharaoters. — Hydrogen sulphide — ^from neutral or acid 
solution; blackish brown precipitate in the cold; insoluble in nitric and 
hydrochloric acids, soluble in aqua regia and in yellow ammonium sulphy- 
drate. Stannous chloridcy with a little chlorine water, purple-red pre- 
cipitate, insoluble in hydrochloric acid. JFhrrous 8ulp?uUe, brown de- 
posit, which assumes the lustre of gold when dried and burnished* 



II. IRON GROUP. 

Chbomiuh, Cb, 52.4; Manoanesb, Mn, 55.2; Ibon, Fb, 56. 

These elements form two series of compounds; in one a single atom 
is divalent, as in Fe"Cl,; in the other, two atoms combined form a hexava- 
lent group, as in (Fe)^'Cl . The oxides MO, are anhydrides, correspond- 
ing to which are acids and salts. 



chromium:. 

Cr 63.4 

The element is isolated wiili difEcuky from its oxide or chloride. It 
is steel-gray, hard, brilliant, magnelio at low teitiperaturesj sp. gr, 6.8 at 
'40°. It combines wiih oxygen only at a red heat; is not attacked by 
acids, except hydrocliloric acid; is readily attacked by alkalies. 

Chromium seaquioxide — 6'ree/i oxide — Cr,0, — is obtained, amt 
phous, by calcining a mixture of potassium diohromate and starch, 
crystallized by heating neutral potassium chromitte to rudness in chlorine. 

It is green; insoluble in water, acids, and alkalies; fusible with dilH- 
culty, and not decomposed by heat; not reduced by hydrogen. At a 
red heat ill air, it combines with alkaline hydrates and nitrates to form 

■ of which are 



L 



green, those of the other, violet. The alkaline hydrates separate a blu- 
ish green hydrate from solutions of the green suits, and a bluish violet 
hydrate from those of the violet salts. 

Chromium green, or emerald yretn, is a brilliant green hydrate, formed 
by decomposing a double borate of chromium and poiassium by water, 
it is used in the arts as a aubscitute for the arsenical greens, and is non- 
poisonous. 

Chromic anhydride, CrO, — improperly called chromic acid, is pre- 
pared by slowly adding one and one-half parts of strong sulphuric acid to 
one part of a concentrated solution of potassium dichromate, draining the 
crystals on a porous tile, and purifying by solution in water, exact pre- 
cipitation by barium chromate, and crystallization over sulphuric acid. 

It forma deliquescent, crimson prisms, very soluble in water, soluble 
in alcohol. It is a powerful oxidant, capable of igniting strong alcohol. 

The true chromic acid has not been isolated, but salts corresponding to 
three acid hydrates are known: CtO fl=chromie acid ; Cr,0,H,=rf«- 
chromic acid ; Ct O^^H.^lrtehrotnii: acid. 

Chlorides. — 1 wo chlorides and one oxvohloride of chromium are 
known. Chromoue chhritle, CrCl,, is a white solid, soluble with a blue 
color in water. Chromic chloride, (Ur,)Cl„ forms large, red crystals, in- 
soluble in water when pure. 

Sulphatea.— A ftWef sulphate crystallires in octahedra, (yO,),(Cr), 
+15 Aq., and is very soluble in water; at 100° it is converted into a 
ffreen aalt, (S0.),(Cr),+5 Aq., soluble in alcohol, which at higher temper- 
atures is converted into the rod, insoluble, anhydrous salt. Chromic sul- 
phate forms double sulphates, containing '4i Aq., with the alkaline sul- 
phates (see Alums). 

Aaalytioal Charaotera. — Chhomous Salts: Potatk, brown pm- 
ciititnte; Ammonium h'/drnle^ greeiush white precipitate; Alkaline sttl- 
phid&t, black precipitate; Sodium jthosphiUe, blue precipitate. 

CuitOMic Salts. — Potash, green precipitate; excess of precipitant 
forms green solution, from whicli sesquioxide separates on boiling; Am- 
moninm hydrate, greenish gray precipitate; Ammonium tulphydrate, 
greenish precipitate. 

Ckrouatks. — Hydrogen tv^hide, in acid solution, brownish color, 
changing to green; Ammonium ayilpbydraie, greenish precipitate; Jia- 
rium efUoride, yellowish precipiute; Silv^ nitn^ browniali TOi'^twiiiv- 
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tate, soluble in nitrio acid and in ammonia; Lead cuxtaUy yellow pre- 
cipitate, soluble in potash, insoluble in acetic acid. 

Action on the economy. — Chromic anhydride oxidizes organic 
substances, and is used as a caustic. 

The chromateSy especially potassium dichromate (q. v.), are irritants, 
and have a distinctly poisonous action as well. Workmen handling the 
dichromate are liable to a form of chronic poisoning. 

In acute chromium-poisoning, emetics, and subsequently magnesium 
carbonate in milk, are to be given. 



MANGANiSSE. 
Mn 55.2 

A grayish, brittle metal, hard, fusible with difficulty; sp. gr. 7.138— 
7.206; obtained by reduction of its oxides. When pure, it is not altered 
by dry air in the cold, but is superfioially oxidized when heated. It de- 
composes water, especially when heated, and dissolves in dilute acids. 

Oxides. — Manganese forms six oxides, or compounds representing 
them: Manganoxis oxide^ MnO; Manganoso -manganic oxiaCj Mn,0^; 
Manganic oxide^ Mn,0,; Permanganic oxide^ MnO,; Manganic anhy^ 
dride, MnO,; Permanganic anhydride^ Mn,0,. 

Permanganic Oxide. — Manganese dioxiae^ Black oxide of m^anga- 
n€«6, MnO„ exists in nature as pyrolitsite^ the principal ore of manganese, 
in steel-gray or brownish, imperfectly crystalline masses. 

At a red heat it loses 12 per cent, of oxygen, and is converted into 
Mn,0., which, at a white heat, yields a further quantity of oxygen, leav- 
ing MnO. Heated with sulphuric acid, it gives off oxygen and forms 
manganous sulphate. With hydrochloric acid, it yields manganous 
chloride, water, and chlorine. With sulphuric and oxalic acids, it forms 
manganous sulphate, water, and carbon dioxide. It forms three hy- 
drates, one of which corresponds to a series of salts, called mangofiites, 
Mn,0,jM,. 

Neither manganic anhydride^ nor manganic acidy MnO^EL, have 
been separated; they are, however, represented by well-defined salts, the 
manganateSy MnO^M . 

Permanganic anhydride is an unstable, green liquid, and an active 
oxidant. Permanganic acidy MnO^H, is obtained in solution by decom- 
position of its barium salt, by sulphuric acid (see Potassium permanga* 
nate). 

Salts. — Like iron, manganese forms two series of salts: MangancuB 
saUSy containing Mn''; and manganic eaUSy containing (Mn,)^; the former 
are colorless or pink, and soluble in water; the latter are quite unstable. 

Manganous Sulphate, So^Mn. — is formed by the action of sulphuric 
acids upon the oxides of manganese. Below 6^ it crystallizes with 7 Aq., 
and is isomorphous with ferrous sulphate; between 7^ and 20° it forms 
crystals with 5 Aq., and is isomorphous with cupric sulphate; between 
20^ and 30^ it crystallizes with 4 Aq. It is rose-colored, darker as the 
proportion of Aq. increases, soluble in water, insoluble in alcohol. With 
the alkaline sulphates it forms double salts with 6 Aq. 

Anal3rtical Characters. — Manganous. — Potash, — ^White precipi- 
tate, turning brown. Alkaline carbonateSy white precipitate. Ammo- 
nium stUphydratCf flesh-colored precipitate, soluble in acids, sparingly 



soluble in excess of precipitant. Potassium ferrocyanicie, reddish white 
precipitate, soluble in hydrochloric acid. Potassium ferricyanide, brown 
precipitate. Potitssium cyanide, rose-colored precipitate, forming brown 
solution in excess. 

Majiga-KIC. — Hydrogen siilp/Ude, precipitate of sulphur. Ammo- 
nium suiphydrale, flesh-colored precipitate. Potassium ferroeyanide, 
greenish precipitate. Potassium ferricyanide, brown precipitate. Potas- 
sium cyanide, light brown precipitate. 

The Manuanates are green salts, whose solutions are only stable in 
presence of excess of alkali, and turn brown when diluted and acidulated. 
The Permanuanateij form red solutions, which are decoloriieed by redu- 
cing agents and by many organic substances; sulphurims acid turns them 
green. 
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The principal ores of iron are: red luematite, seaquioxide; spathic ore, 
ferrous carbonate; boy ore, ferrous carbonate, mixed with olay; oolitic 
iron and brovitt Aasmatite, hydrates of the seaquioxide; maffnetia or black 
ore, pyrites, and meteoric iron. 

In working the ores, reduction is first elTeoted in a blast-/\trnace, into 
which alternate layers of ore, coal, and limestone are fed from the top, 
while sir is forced in from below. In the lower part of the furnace car- 
bon dioxide is produced at the expense of tlie coal; higher up it is re- 
duced by the incandcaoent fuel to carbon monoxide, which at a still 
hil^her point reduces the ore; the fused metal «u liberated collects at the 
lowest point under a layer of slay, and is drawn off to be oast as pig iron. 
This product is then puriiieJ by burning out impurities in the process 
kaowu as puddling. 

Iron is used in the arts in three forms: Cast iron, a brittle, crystalline 
material, containing carbon, sili^^on, phosphorus, and sulphur. Wrouy/U 
iron, a fibrous, tougli variety, treed to a great extent from the impuri- 
ties of cast iron, although not cbemically pure. Steel is iron combined 
with a small quantity of carbon. It is prepared either by cementation, 
which cunaists of causing a pure iron to combine with carbon; or by the 
Sesiemer method, which consists in burning the proper quantity of car- 
bon out of cast iron. Pure iron is obtained by beating ferric oxide nearly 
to redness in a current of hydrogen; this is the ferrum reduetum (U. S., 
Br.), The purest forms of commercial iron are those used in piano-strings, 
electro- magnets, and the teeth of carding-machines. The finely divided 
iron by alcohol is produced by mechanical division and levigation in 
alcohol 

Pure iron is quite soft; fuses at about 1600°; crystallizes in cubes or 
oatahedra; is very teiiauious; sp. gr. 7.ii6— 7.9. 

Iron is not altered by dry air at ordinary temperatures; at a red heat 
it is oxidised; in damp air it is converted into a hydrate, known as rust. 
Tin pUUe is sheet iron coated with tin ; yaloanixed iron is protected by a 
eoating of zinc. Iron unites directly with chlorine, bromine, iodine, sul- 
phur, ancl the elements of the phosphorus group. Hydrochloric acid 
dissolves it as ferrous chloride, while hydrogen is liberated. Heated 
with strong sulphuric acid, it gives o£f sulphur dioxide; with t.b.«^ 
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acid, hydrogen is given off and ferrous sulphate formed. Dilute nitric 
acid dissolves iron, but the concentrated acid renders it pcumve^ when it 
is no longer attacked by a dilute acid until the passive condition is de- 
stroyed by contact with platinum, silver, or copper, or by heating to 40°. 

Oxides. — Five oxides of iron are known, three of which are of interest. 

Febbous Oxide, FeO — is formed by heating ferric oxide in carbon 
mon- or dioxide. Its hydrate, FeH,0„ is a greenish white substance, 
formed when a ferrous salt is decomposed by an alkaline hydrate. 

Febric Oxide — Sesquioxide or Peroxide of iron — Fe,0,. — When fer- 
rous sulphate is heated, it turns white by loss of Aq.; then yellow, owing 
to formation of an oxyhydrate; then brick -red, when it has been converted 
into ferric oxide; another product being Nordhausen sulphuric acid. 

Under the names colcothar^ red crocus^ jeweller^s rouge^ and Venetian 
redy it is used as a polishing material and as a pigment. 

The normal hydrate — Ferri peroxidum humidum (U. S., Br.) — (Fe,) 
H,0, — is a brown, gelatinous precipitate, formed when an alkali is added 
to a ferric salt. When dried at 100° it loses /^H <0, and is converted into 
Ferri peroxidum hydratum (U. S., Br.), (Fe,)0„H,O,. Ferric hydrate is 
not precipitated in presence of fixed organic acids, or of sugar in sufficient 
quantity. Under water it is converted into an oxyhydrate, which is in- 
capable of forming ferrous arsenate with arsenic trioxide. 

A peculiar modified ferric hydrate^ (Fe,)O^H,0,, is formed by drying 
the ordinary hydrate in vacuo and boiling it seven or eight hours in 
water; after washing, it is almost insoluble in nitric and hydrochloric acids, 
and gives no Prussian blue reaction; it dissolves in dilute acetic acid, 
the solution being reddish and appearing turbid by reflected light. 

Recently precipitated ferric hydrate dissolves in solutions of ferric 
chloride or acetate, and the solutions, by dialysis, lose their acid, leaving 
in the dialyser a dark red solution of ferric hydrate. The dialysed iron 
so obtained is coagulated by heat, by sulphuric acid, alkalies, and many 
salts. 

Ferric Anhydride — ^Fe,0„ and Ferric Acid — Fe,O^H„ are un- 
known, but are represented hj potassium /errcUey Fe,O.K,. 

Sulphides. — Eight sulphides of iron are known, oi which three are 
of interest. 

Ferrous Sulphide — Protostdphide — FeS — is formed: 1st, by bring- 
ing a mixture of sulphur and iron filings into a red-hot crucible; 2d, by 
pressing roll-sulphur upon white-hot iron; Sd, by precipitating a ferrous 
salt with an alkaline sulphydrate. The dry methods form brownish, 
brittle, fusible, magnetic masses; the wet method yields a black powder. 

It is not decomposed by heat; is oxidized by damp air; is decomposed 
by dilute sulphuric acid, with formation of ferrous sulphate and* hydrogen 
sulphide. It occurs in the fseces of persons taking chalybeate waters and 
preparations of iron. 

Febbic Sulphide — Sesquisulphide — Fe,S, — occurs in nature in copper 
pyrites, and is formed when the disulphide is heated to redness. 

Ibon Disulphide — Martial pyrites — FeS, — occurs in yeUoto and tchite 
pyrites, which are extensively used in the manufacture of sulphuric acid. 

Chlorides. — Two chlorides of iron are known: FeCl, and (FeJCl,. 

Febrous Chlobide, FeCL — is formed when iron is heated to redness 
in dry hydrochloric acid, or with sal-ammoniac, as an anhydrous, yellow- 
ish, crystalline, volatile, and very soluble substance. A hydrated com- 
pound, FeCl, + 4Aq., is formed by solution of the anhydrous chloride, or 
by solution of iron in hydrochloric acid. It crystallizes in greenish, ob- 
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lique rhombic prisms; loses its water when heat'Cd without contact of 
air; heated in air it is converted into tenia chloride and an oxychlonde. 

Fbkric Culokide — SeequiefUoride — PerclUoride — Ferri chloridum 
{U. S.) — Fe^UI, — is obtained anhydrous bv heating iron in chlorioe; in 
violet, volatile, deliquescent plates. The hydrated compound, Fe,CI,-t- 
4Aq., is formed: 1st, by solution of the anhydrous; 2d, by dissolving 
iron in aqua regia; 3d, by dissulvine hydrated ferric oxide in hydro- 
chloric acid; 4th, bv the action of chlorine or of nitric acid on solution 
of ferrous chloride; it is prepared pharmaceutical ly by the last method. 

It forms yellow, nodular masses, or rhombic plaies, very soluble in 
water, soluble in alcohol and ether. The Z,iq. fifrri chlwidi (U. S.), o 
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a»d contains ethyl chloride and fer 
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Iodides.— i^eri-oKK iodide — Ferri iodidum (Br.) — Fel, — is obtained 
with 4Aq., by adding iodine to excess of iron under warm water until 
the solution js pale green. Fhrtc iodide, Fe,I„ is formed by the action 
of excess of iodine on iron. 

Salts. — Fkrrous Sulphate — Protomdphate — Green vitriol — Cop- 
peras — Ftrri sidphaa (U. S., Br.) — SO.Fe — is obtained by oxidation of 
the sulphide remaining in the manufacture of sulphuric acid, and as a 
by-product in other processes. When required pure, it is prepared by 
dissolving iron in dilute sulphuric acid, and purifying by crystallization. 

It crystallizes in oblique, rhombic prisma with 7 Aq. ; it loses 6 Aq. at 
100°, and the kat Aq. at 300°; at a red heat it is decomposed into ferrio 
oxide, and sulphur di- and trioxides. It is si ' ' ' ' 
alcohol. By exposure to air it is gradually c 
■ulphate, {80.),fFeJ,5Fe,0,. 

Fkrric Sulpuatks are quite numerous, a 
of ferrous sulphate under different conditi 
(SO,),(Fe,), is formed by treating ferrous s 
acid, and evaporaring after addition of one n 
each two molecules of ferrous c 
tertulphatis (U, S.). Among th 

process similar to the above, using halt the quantity of sulphuri 
which exists in Liq. ferri tubaidphat is (U. S.), or Mon»el' a solution. 

Ferric sulphate forms alums with the alkaline sulphates. 

Fbrbous Nitrate, (XO,),Fe — a greenish, unstable salt, formed by 
double decomposition between barium nitrate and ferrous sulphate; or 
by the action of nitric acid on ferrous sulphide. 

Ferric Nitrates. — The normal nitrate, (N0,),(F6,), is formed along 
with ferrous nitrate by solution of iron in nitric acid. The Liq. fern 
nitratit (U. S.), or LIq. ferri pernitratia (Br.), contains ferric nitrate, and 
is made with an acid of sp. gr. 1.II5. tt crystallizes in rhombic prisms 
with 18 Aq. or in cubes with VZ Aq. When iron is dissolved in nitric 
acid to saturation, basic nitrates are formed, which prevent crystallization 
of the normal salt. 

Tbifkrkous PnospHATK, (rO,),Fe, — a white precipitate formed 
adding disodic phosphate to a solution of a ferrous salt. By exposure 
air it turns blue, a part being converted into forrio phosphite; thfl 
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phoaphaa (XJ. S., Br.) is such a mixture of tbe tvo salts, 
iii water, sparingly soluble iii water containing' cariionic ai 

A phosphate of iron, capable of turning blue, occurs 
phthisis, in blue pus, and in long-buried bones. 

Fkkbic Phospiiats, (PO,),(Fe,) — ia formed by tbe action of a 
line phosphate on ferric chloride. It ia soluble in bydrouhloric, nitrid^ I 
citric, and tartaric acids; insoluble in pbosphorio acid. 

Fekbic Pyrophosphate, (P,0,),(Fe,), — is formed by decomposition 
of a ferric salt by soiliuni pyrophosphate; an excess of tbe sodium salt 
dissolves the precipitate when warmed, and on evaporation leaves scales of 
ftdoubleaalt,(P,O,),(Fe,)„(P,O,),N8,+20Aq. A similar ammonium salt, 
sooompanied by femo citrate, exists in the /erri pi/ropAoaphas (U. S.). 

Fkbrous Acetate, (C,H,0,),Fe — is formed by decomposition of fer- 
rous sulphate by calcium acetate. It crystallizes in soluble, silky needles. 

Fkhhic Acetates. — The normal aaU, (C iI,0,).,(Fe,), is obtained by 
adding slight excess of ferric sulphate to lead acetate, and decanting after 
twenty-four hours. It is dark red, uncry stall liable, very soluble in alco- 
hol and in water. If its solution be heated it darkens suddenly, gives oS 
ftcetic acid, and contains a basic acetate ; when boiled it loses all its acetic 
acid and deposits ferric hydrate; when heated in closed vessels to 100°, 
and treated with a trace of mineral acid, it deposits the modified ferric 
hydrate. 

FEBBons Cabbonate, CO.Fe — is obtained in the hydrated form by 
Adding an alkaline carbonate to a ferrous salt ; on exposure to air it 
turns red from formation of ferric hydrate. It is insoluble in pure water, 
but soluble in water containiug carbonic acid, probably as a bicarbonate, 
in which form it exista in mineral waters. The /em carhonai mccharuta 
(Br.) is tliis salt, to which sugar is added to delay decomposition ; the 
ferri eubcarboncu (U. S.) is ferrous hydrate. 

Ferrous Lactate — /ferri lactaa (U. S.)— (C,H,0,),Fe-|-3Aq.— is 
formed by dissolving iron filings in lactic acid. It crystallizes in light 

(yellow needles, soluble in water, insoluble in cold alcohol ; permanent In 
air when dry. 
FEBROua Oxalate — Ferri oxalaa (U. S.) — C,0,Fe+2Aq. — is formed 
by dissolving; iron in solution of oxalic acid. It is a bright yellow, crystal- 
line powder, sparingly soluble in hot water. 

Febrous Tabteatb, C,H,0,Fe-(-2Aq. — a white, crystalline powder, 
formed by dissolving iron in hot, strong solution of tartaric acid. 

FEBaicTARTRATE,{C,H,0,),{Fe )-|-3Aq. — a dirty yellow, amorphous 
mass, obtained by dissolving recently precipitated ferric hydrate in tar- 
I taric acid, and evaporating below 50°. Its solution is not precipitated by 

alkalies or alkaline carbonates. 

A number of double tartrates, containing the group (Fe,0,)" are also 
1 known. Such are : Ferrko-ammonic tartrate,- Jerri et ainmotiii tartras 

' (U.S.), (C,H.0.),(Fe,0),(NH.), + 4Aq., and Ferrico-potassic tartrate; 

I Jirri eCpotassiitartraa (U.S.), (C.H.O,), (Fe,0,)K, ; they are prepared 

I by dissolving recently precipitated ferric hydrate in hot solutions of tbe 

hydro- alkaline tartrate. They only react with ferro- and sulphocyanidcs 
after addition of a mineral acid. 
I Ferric FEBROcrAUiDE — Ferri ferroeyanidum {U. S. ) — Prussian blue 

. — (FeC.N,), (Fe,),-t-18Aq.— a dark blue precipitate formed when potas- 

sium ferrocyanide is added to a ferric salt. It is insoluble in water, alco- 
' hoi, ether, and dilute acids; soluble in oxalic acid {blue ink); alkalies 

I turn it browD. 
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FEKROCa Ferrictanide — Tunihuir* blue — (Fe,C,,N„) Fe,+,Aq. — « 
dark blue precipitate, produced by potassium ferrioyauide with ferrous 
salts. 

AsTALTTiCAi. CniHACTKR3. — Fkhkous 8ALT8 are acid, colorless when 
anhydrous, pale green when hydrutcd ; oxidised by air to basic ferrio 
compounds. Potanh, greenish white precipitate, insoluble in excess, 
changing to brown in air. Ammonium hydrate, greenish precipitate, 
soluble in excess, not formed in preBeiice of ammoniacal salts. Ammo- 
nt«»( aulphydrate, black precipitate, soluble in acids. Potassium fir- ' 
rocyanide, while precipitate, turning blue in air. Potassium ferricy- 
anide, blue precipitate, soluble in potash, insoluble in hydrochloric acid. 

Fbbrig salts are acid, and yellow or brown. Potash or ammonium 
hydrate, voluminous, red-brown precipitate. Hydrogen tidphide in acid 
solution, milky deposit of sulphur, ferric reduced to ferrous compound. 
Ammonium sidpnydrate, black precipitate. Potataium ferrocyanide, 
dark blue precipitate, insoluble in hydrochloric acid, soluble in potash. 
Potassium sxdphoeyanate, dark red color ; prevented by tartaric and 
citric acids. Tannin, blue-black color. 



III. ALUMINIUM GROUP, 

Gtucnmm Gl 13.8 I Gaixhtm Ga 69.9 

ALrKiniuu Al 27.5 ( Indidm In 113,4 

This group is placed in the third class by virtue of the existence of 
the aluminatea, and of the relations between the compounds of these ele- 
ments and some of those of the previous groups. They form, however, 
but one series of compounds, corresponding to the ferric, containing the 
group (M,)*'. No acids or salts of the members of the group, other than 
aluminium, are known; yet their resemblances in other points are such u 
to forbid their separation. 



AliUMimUM. 



Al.. 



, 27.5 



This, the only element of the group of practical importance, althonirh 
very abundant in combination, was only isolated in 1817 by Woehler, by 
a method which has since become general for the separation of metals 
whose compounds are difGcuUly reducible, which consists in passing tho 
vapor of the chloride over sodium heated to redness. 

Aluminium is a bluish while metal ; hard, very malleable and ductile 

when annealed from time to time ; slightly magnetic ; a good conductor 

of electricity ; fuses at about 700°; non-volatile ; sp. gr, :J.56 when cast, 

2.67 when rolled. It is not affected by air or oxygen, except at very 

high temperatures, and even then very superficially. If, however, it 

cnntaiti silicon, it burns readily, forming aluminium silicate. Boron, 

silicon, and tho elements of the chlorine group combine with it directly. 

I It does not decompose water at a. red heat. Hydrochloric acid, gaseoas 

I or in solution, attacks it, hydrogen is given off, and aluminium chloride 

I formed. It dissolves readily in alkaline solutions with liberation of hy- 
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golden yellow alloy, known as aluminium bronze. The great toughness 
and lightness of aluminium and of its alloys render it valuable for the 
manufacture of metallic objects where lightness is desirable. 

Aluminium oxide — Alumina — A1,0, — exists in nature, nearly puie, 
in corundum^ emeri/y ruby, sapphire, and topaz. It is obtained artificially 
by calcining the hydrate, and is also formed when ammonia alum {g. v.) is 
calcined at a red heat. It is a light, white, odorless, tasteless powder, fuses 
with ditliculty, and, on cooling, forms crystals which are hard enough to 
scratch glass. Unless it have been heated beyond dull redness, it combines 
with water, the union being attended with liberation of beat. It is at- 
tacked with great diflSculty by acids, its best solvent being sulphuric 
acid diluted with its weight of water. It also dissolves with difficulty in 
alkaline solutions, but combines with fused potash and soda to form alumi- 
nates. It is not reduced by charcoal. 

Aluminium hydrate, Al,H.O. — ^is formed when a solution of an 
aluminium salt is precipitated by ammonium hydrate or carbonate. It 
forms a gelatinous precipitate which, when washed and dried, leaves an 
amorphous, translucid mass. When it is formed in the presence of color- 
ing matters, these are mechanically carried down with it, and the dried 
deposits are used as pigments, known as lacs ; it is insoluble in water 
when freshly precipitated; soluble in acids and solutions of the fixed 
alkalies. With the acids it forms salts of aluminium; and with the 
alkalies, aluminates of the alkaline element. When heated to near red' 
ness it is decomposed into aluminium oxide and water. A soluble variety 
of alumina has been obtained by dialysing a solution of alumina in alu- 
minium chloride solution, or by heating for 240 hours a dilute solution of 
aluminium acetate. 

Aluminates are for the most part crystalline, soluble compounds, 
obtained by the action of metallic oxides or hydrates upon alumina. PoUis- 
&ium aluminate, Al 0^K,-|-3Aq. — is formed by dissolving recently pre- 
cipitated aluminium hydrate in potash solution. It forms white crystals; 
very soluble in water, insoluble in alpohol; caustic and alkaline. By a 
large quantity of water it is decomposed into aluminium hydrate and a 
more alkaline salt, Al^O.K . Sodium aluminate, — The aluminate AL 
O^Na, is not known. That having the composition A1^0,Na,is prepared 
industrially, for use in dyeing, by heating to redness a mixture of one 
part of sodium carbonate and two parts of a native, ferruginous alumin- 
ium hydrate (beauxito). It is insoluble in water, and is decomposed by 
carbonic acid with precipitation of aluminium hydrate. 

Aluminium chloride, A1,C1. — is prepared industrially as a step in 
the manufacture of aluminium. It crystallizes in colorless, hexagonal 
prisms; fusible; volatile; deliquescent; very soluble in water and in 
alcohol. From a hot, concentrated solution it separates in prisms con- 
taining 12 Ao. It absorbs hydrogen sulphide, hydrogen phosphide, and 
ammonia, with which it forms compounds. 

An impure solution of aluminium chloride is used as a disinfectant 
under the name chloralum. 

Salts. — Aluminium Sulphates, (SO^jAl^+lSAq. — ^is prepared arti- 
ficiallv on a large scale from kaolin. It is also formed {Aluminii sulphcu, 
U. S.) by dissolving aluminium hydrate in moderately diluted sulphuric 
acid. 

It crystallizes with difficulty in thin, flexible plates; soluble in water, 
very sparingly soluble in alcohol. When heated, it fuses in its water of 
crystallization, which it gradually loses up to 200^, when a white, amor- 
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Ehoua powder of the anhydrous salt, (SO,), At,, remains; this at a red 
eat is decumposed, leaving a. residue o( pure alumina. 

Al<' Tna are double sulphates of the alkaline metals, and the higher 
sulphates of the elements of this and the preceding group. When crys- 
talliiwd, they contain 2i Aq., and have the general formula: (SO.),(MJ^ 
S0,It', + 2-lA(i.. in which (M,) may be (Fe,). (.Mn,), (Cr,), (Al,). or (Ga,); 
andR, may bo K„ Na„ Rb,, Cs„ Tl„ or (NH,),. They are isomorphoi 

The substance formerly known as alum is the double sulphate of alu- 
minium and potassium, (SO,) Al„ S0,K,-|-21Aq. It is manufactured 
from aluminous ecliiats, from clays free from iron, and from aluminiCe, a 



native subsulphate of ali 
named source cryetalli; 
It is formed win 
of potassium are mixed 
It crvstalli ■ • 






That from the 
cubic or Roman alum. 
■d solutions of sulphates of aluminium and 
ui table proportions. 

transparent, regular octahcdra; has a sweet- 
ish, astringent taste; lOlJ parts of water at JO" dissolve 0.52 parts ot 
alum; and at 100°, 3rj7.48 parts. When heated to about 92", it fuses in 
its water of crystal! iKalion, and gradually ioscs 45.5 per cent, of its 
treight of water as it is heated to a temperature near redness. The pro- 
duct, which is readily pulverlzable, and slowly but completely soluble in 
80 — 30 times its weight of water, is known as burnt alum, and is the an- 
hydrous double sulphate. At a bright red heat, sulphur dioxide aod 
oxygen are given olf, and alumina and potassium sulphate remain. At a 
higher temperature, potassium aluminate is formed. Its solutions, acid 
in reaction, deposit aluminium hydrate when neutraliz ' " ' 
hydrate. 

Potash alum is giving pit 
ammonium aul/ihate, 
which differs from potash alum 
30". and less soluble in colder 
which it is affected by heat. It fuses in its water of crystallization, as 
does potash alum; at about 205°, the temperature reached in making 
iuml alum, it loses its ammonium sulphate, leaving a white, hygroscopio 
substance, very slowly and incompletely soluble m water; when mora 
•trongly heated, it leaves alumina. 

Alum and the alkaline bicarbonotps decompose each other with for- 
mation of uluminium hydrate, an alkaline sulphate, and carbon dioxide, a 
reaction utilized in alum baking-powders {q. v.). 

Silicates aro very abundant in the different varieties of clai/, /"eltl- 
tpar, albite, labradorite, mica, etc. The clays are hydrated aluminium 
silicates, more or less contaminated with alkaline and earthy salts and 
iron, to which last certain clays owe their color. The purest is kaolin, 
or porcelain clay, a white or grayish powder. They are largely used in 
the manufacture of the different varieties of bricks, terra coita, pottery, 
and porccloin. Porcelain is made from the purer clays, mixed with (and 
and feldspar; the former to prevent shrinkage, the latter to bring the 
mixture into partial fusion, and to render the product translucent. The 
fashioned articles are subjected to a first baking; the porous, baked chiy 
is then coated with a j//aw, usually composed of oxide of lead, sand, 
and salt. During a second baking, the glaze fuses and coats the article 
with a bard, impermeable layer. The coarser articles of pottery are 
glased by throwing sodium chloride into the fire; the salt is volatilized, 
and, on contact with the hot aluminium ailioato, deposits a coating of the 
(asible sodium silicato, wUoh tiardeus ou oooUag. 



the arts 1o the cheaper abtminium and 
a alum, (SO.),Al„ SO,(NH,),-f24Aq., 
1 being more soluble between 20° arid 
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ALUMTiniTM Acetate, (C,H,0.),(A1,) — ^is obtained only in solutiony 
by decomposing a concentrated solution of aluminium sulphate with lead 
acetate, or by dissolving aluminium hydrate in acetic acid. It is an un- 
crystallizable liquid, having a styptic taste, which is decomposed when 
heated or on standing, with formation of basic acetates. Is extensively 
used in dyeing. 

Analytical Charaoters. — Potash or sodoy white precipitate, soluble 
in excess; Ammonium hydrale^ white precipitate, almost insoluble in 
excess, especially in the presence of ammoniacal salts; Sodium phosphcUe, 
white precipitate, readily soluble in potash and soda, but not in ammo- 
nium hydrate ; readily soluble in mineral acids, but not in acetic acid; 
JBlowpipe; on charcoal does not fuse, and, when moistened with solution 
of cobalt nitrate, turns dark sky-blue. 



V. LEAD GROUP. 
IiEAD Pb 207 

This element is usually classed with cadmium, bismuth, or copper 
and mercury; it differs, however, from bismuth in being divalent or 
quadrivalent, but not trivalent, and in forming no compounds resembling 
those of bismuthyl (BiO); from cadmium in the nature of its oxygen 
compounds; and from mercury and copper in forming no compounds 
similar to the mercurous and cuprous salts. Indeed, the nature of the 
lead compounds is such that the element is best classed in a group by it- 
self, which finds a place in this class by virtue of the existence of potas- 
sium plumbate. 

The most abundant ore of lead is a sulphide known as galena^ which 
is worked for lead and silver. The ore is roasted; the mixture of oxide, 
sulphide and sulphate so formed is heated in a reverberatory furnace, 
to yield an impure metal, called xoork4ead. If the ore be rich in silver, 
it is subjected to refining by crystallization and cupellation. At first, 
the work -lead is fused and allowed to cool slowly; crystals of lead sepa- 
rate and are removed, while the silver remains in the more fusible alloy. 
After several crystallizations, the concentrated alloy is fused in the cu- 
pelling furnace and a powerful current of air is driven over the surface of 
the molten metal; the lead is thus oxidized and is driven off by the cur- 
rent of air through a notch, whose depth is increased as the operation 
proceeds. As the last film of lead oxide is carried off, the clear surface of 
the fused silver is exposed and the mass brightens^ indicating the termina- 
tion of the operation. 

Lead is a grayish white metal; brilliant upon freshly cut surfaces, 
very soft and pliable, not very malleable or ductile, fuses at 334°, and, 
on cooling, crystallizes in octahedra; a poor conductor of electricity; a 
better conductor of heat. When expanded by heat, it does not, on cool- 
ing, return to its original volume. 

Lead, when exposed to air, is oxidized; it is not acted on by pure 
water, deprived of air; by the combined action of air and water, lead is 
oxidized to the hydrate, PbH,0„ which dissolves to an appreciable ex- 
tent. The solvent action of water upon lead is increased, owing to the 
formation of basic salts, by the presence of nitrogenized organic matters, 
nitrates, and nitrites; on the other hand, carbonates, sulphates, and car- 
bon dioxide, by their tendency to form insoluble coatings, diminish the 
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■•iluliUity of the metal in water. Xitriu acid dissolves lead readily; sut- 
phttrio acid, when cold, does not affect it; but when heated, dissolves it 
the more readily the more concentrated the acid. Hydrochloric acid o[ 
sp. gr. 1.12 attacks it, especially if heated. 

Several alloys of lead are used in the arts: Tyiie-nietal=lead and aiti- 
mony; pewter=iead and tin; plumber's solder=lead and tin. 

Oxides.— Lead forms five oxides: Pb,0, PbO. Pb,0., Pb,0„ and PbO,. 
Lead Monoxidk — Protoxide — Maasicot — Litharge — Plumhi oxidum 
(U. S., Br.)P — bO is prepared by calcining load or its carbonate or nitrate, 
if the product have been fused, it is iit/tarffe ; if not, ma»aicol ; the two 
varieties differing in color and in texture, but not in composition. Mas- 
sicot is prepared by calcining lead and removing the pellicle as s 
is formed; litharge, by fusing massicot, and allowing it to cool. When 
fused, it crystallizes in mica-like plates; from its solution in soda or 
potash, it is deposited in white, rhombic dodccahedra or in rose-colored 
cubes. It fuses at a licat approaching redness; it volatilizes at a white 
heat; sp. gr. 9.277; after fusion, 9.5. It is sparingly soluble in 
the solution being alkaline in reaction. 

When heated to 300° in contact with air, it is oxidized to i 
When fused in earthen crucibles it forms a fusible silicate, and thui 
forxtes the vessel. It is readily reduced by charcoal or hydrogen. 
Chlorine converts it into the cljloride with separation of oxygen. It is » 
powerful base; it decomposes the alkuline salts with libemtion of tlio 
alkali; it dissolves readily in nitric acid and in hot acetic acid, with form- 
ation of nitrate or acetate. When rubbed up with oils it decomposes 
the glyceric ethers, and combines with the fatty acids to form lead-snaps; 
one of which, the oleate, ts the emplanlrum plutnbl (U. S., Br.}. It also 
combines with the alkalies and earths to form piumbiles. Calctuin 
plum/tite, Pb,0,Ca, is a crystalline compound, formed by heating litharge 
with milk of lime. Its solution is used as a hair-dye. 

Pluji BO so -PLUMBIC OxiDB — Red oxifl^. of lead — Minium — lied lead — 
I'b.O, or PbO„ 2PbO or PbO,Pb-(-PbO— is prepared for use as a pig- 
ment, and in the manufacture of glass, by heating litharge to 300 in 
contact with air. It ordinarily has the composition given above, and has 
been considered as composed of one molecule of the dioxide combined 
with two of the monoxide; or as the lead salt of plumbic acid combined 
with a molecule of the monoxide. An orange- colored variety is formed 
by heating lead carbonate to 300". 

It is a brilliant red powder, sp. gr. 8.6^. Wheii strongly heated it 
is converted into litharge; a change which is also brought about by redu- 
cing agents. Nitric acid changes its color to brown, dissolving the mon- 
oxide and leaving the dioxide. Hydrouldorio acid decomposes it with 
(onnation of chlorine, lead chloride, and water. 

The commercial product is frequently contaminated with oxide of 
iron and brick-dnst. It should dissolve in dilute nitric acid to which a 
fragment of sugar has been added. 

Leah Dioxiok — Peroxide of leatl — Puce OTide of lead — Binoxide of 
trad — Plumbic anhi/dride— PbO, — is prepared either by dissolving the 
monoxide out of minium by dilute nitric acid, or by passing a current 
of chlorine through water holding lead carbonate in suspension. 

It is a dark, reddish brown powder, sometimes crystalline; sp. gr. 

8.903 to 9.190; insoluble in water. When heated it loses half its oxygen 

and is converted into the monoxide. It is a valuable oxidizing agent. 

It absorbs sulphur dioxide to form lead sulphate, 

25 
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The alkalies dissolve lead dioxide to form well-defined but unsUbt 
sal A, called plumfiaU^. Potassium pluntbate, PbO,K, + 3Aq., i 
Id cubic crystals when lead dioxide is gently heated in a silver vessel witn* 
concentrated potash solution. It is decomposed by water. 

Iie&d Sulphide, PbS — exists in nature in cubic crvstnls as the cfaief 
ore of lead, galena. It is also formed by direct union of the elements; by 
heating lead monoxide with sulphur or vapor of carbon disulphJde; i 
decomposing a solution of a lead salt with hydrogen sulphide or an 
line Bulphydrate, 

The native sulphide is bluish gray and has a metallic lustre; k]_ 
7.58; that obtained by precipitation is a black powder of sp. gr, G.lt^ 
' ' red heat and is partially sublimed, partially converted i 

a with loss of sulphur. When heated in air it is converto 
ide, and sulphur dioxidt^. Heated in hydrogen 
s acid oxidizes it to the sulphate; hot hydrochlortqj 
onverts it into the chloride; boiling sulphuric acid converts i 
the sulphate and disengages sulphur dioxide. 

Chlorides. — Two compounds of chlorine and lead are known, I'bC'Lfl 
and PbCi.. ■ 

Lead Ciii.orii>k, PbCl, — is formed by the action of cliJonne upou-fl 
lead at a red heat by the action of boiling bydroohloric acid upon tli% 
metal; and by double decomposition between a soluble salt of lead and k 
chloride. In the last case, if the solutions be cold and not too dilute, thi 
chloride is precipitated. 

It crj'stailizcs in plates or in silky, hexagonal needles; soluble 
parts of water at 12.5^; less soluble in water containing hydrochloric acid; jl 
more soluble in concentrated hydrochloric acid and in boiling water. 

Lead also forms several oxychlorides; that having the composiiioji J 
PbCl,,?PbO is used as a pigment, and is known as Cas«el, Paris, Veri 
or Tunwr'a yelluw. 

Iodide — Muiubi iodidum(V. S., Br.)— Pbl, — is deposited as a bright 
yellow powder when a solution of potassium iodide is added to a solu*] 
lion of a lead salt. It Js almost insoluble in cold water, sparingly solublaf 
in boiling water. When fused i ' ' ' 
into an oxysalt. When exposed to light and moisture it is decompose 
with liberation of iodine. It dissolves in solutions of ammonium ' ' 
ride, sodium hyposulphite, alkaline iodides, and potassium hydrate. 

Salts. — NiTRATKS,— Besides a neutral salt, lead forms basic nitr 
some of wbich seem to indicate the existence of nitrogen acids simil 
those of phosphorus. 

{NO,>,Pb,. Lead orthonitrate (PO.),Pb„ Lead ortliophospliaie.1 

N 0,E*b„ Lend pyronitrate F,0,Pb„ Lead pyrophosphate, T 

(NO,),Pb, Lead metanitrate (I'0,),Pb, Lead metaphosphate. ' 

Neutrallea<i vitralt — _rVu/rtfti«j"trfljr(U. S.,Br.)— {NO,),Pb— is formed, J 
by solution of lead or its oxides in excess of nitric acid. It forms aiiliyd- J 
rous crytitals, soluble in 1.98 parts water at 17,5°, and in 0.7 parts at 100°. i 
It is decomposed by heat, with liberation of nitrogen tetroxide. 

Sdi-phates. — The nevtrai sulphate, SO,Pb — is formed by the a 
of hot coaceutratcd .sulphuric acid on lead; or, hy double decom position.! 
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betweeu a sulphate and a lead salt in solutiou. U is a whilu powiler, 
almost insoluble in water; soluble iu concentrated sulpLuric acid, from 
whioh it is deposited on dilution. 

Chbouates.— The neutrut chrontate, ("rfJjPb — is formed hy preuipi- 
tating lead nitrate with potassium chromate, and ia used aa a pigment, 
ehrojne yeiloto. It is insoluble in water; soluble in alkalies. 

AfKTATES. — The Neutrai acetate — SaU of iSaturtt — Sugar of luatl— 
J^wmA/of^e/'Ut— {C',ri,0,)jPb4-3Aq. — is prepared by dissolving litharge hi 
acetic aoid; or, by exposing lead in contact with acetic acid to the at- 
mosphere, evaporating and orvstallizing. 

It crystallines in lai^e, oblique, rhombiu prisms, sweetish, with a me- 
tallic after-taste; soluble in 1.5 parts cold water and in 8 parts alcohol. 
The solutions are acid. By exposure to the air it eiiloresces upon the 
surface and is superficially converted into carbonate. It fuses at 75.5°; 
loses Aq. and a part of its acid to 100°, forming the eesquibasic acetate. 
At *J80°it enters into true fusion, and at a slightly higher temperature ii 



decomposed into carbon dioxide, acetone, aod lead. Its aqueous solutio 
dissolves litharge, with formation of basic acetates. 

or the subacetates, that having the composition (C,ir^O,)PbOn, JirbO, 
the tex&asic acetate, is the only one requiring mention. It is the main 
constituent of £151. pluinbi ntbatetatis (U. S., Br.), or Goiilard'a extract, 
obtained by boiling a solution of the neutral acetate with lead monoxide 
in fine powder. This solution becomes milky when added to ordinary 
water, by formation of lead sulphate and carbonate. 

Lead Caeuosatk — Ptumbi carbotuu (U. S., IJr.) — CO,Pb — is formed 
bv double decomposition between a. carbonate and a salt of lead in solu- 
tion, or by passing carbon dioxide through a solution ooiitaiaing lead. 
It is a white powder, sp. gr. 6.43; insoluble in water. 

Besides the neutral salt there exist several basic carbonates which occur 
in varying proportions in the commercial product known as cerUM or 
white leaa. Tliis is prepared by several processes. In the Clicky procv*a, 
which is that usually adopted, litharge is dissolved in lead acetate so- 
lution, and the subacetate thus produced is decomposed by a current of 
carbon dioxide, the neutral acetate being regenerated and used again. 

White lead is used in oil-painting, forming a part of all but the darkest 
pigments. The darkening of lead whites by exposure to air is due to the 
presence of traces of hydrogen sulphide in the atmosphere. The regen- 
eration of oil-paintings dimmed by atmospheric action is accomplished by 
oxygenated water, which oxidizes the dark sulphide to the white sulphate. 

Analytioal ch&raoters- — Hydrogen sulphide in acid aolution ; a 
black precipitate, insoluble in acids and iu alkaline sulphides. A/it- 
monium aiilphydratf ; black precipitate, insoluble in excess. Hydro- 
chloric acid ; white precipitate, soluble in boiling water, from which it 
crystalliKes on cooling; not altered in appearance by ammonium hydrate. 
This reaction does not occur in dilute solutions. Avunonium hydrate ; 
white precipitate, insoluble in excess. Pfitinssinnt hydrate; white pre- 
cipitate, soluble in excess, especially when heated. Sid/ihuric acid or 
auiphale ; white precipitate, insoluble in weak acids, soluble in solution 
of ammonium tartrate. Potaaaium iodide ; yellow precipitate, sparingly 
soluble in boiling water, soluble in a large excess of the reagent. J'oCOf 
aiurn chromate ; yellow precipitate, soluble in potash solution. Iron 
tine separate the clement from solutions of its salts. 

Action on tlie eoonomy. — All of the soluble compounds i 
and those which, altliough nut soluble, are readily convertible inti 
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Iile compounds by water, air, or the digestive fluids, are actively poisonoi 
Some are also injurious by their local action upon the tissues with which they, 
come in contact; such are the acetate, and, in a less decree, the nitrate. 

The chronic form of lead intoxioation, jHiiuUr's eotic, etc.. Is purely 
poisonous, and is prmluced by the continued absorption of minute quan- 
tities of lead, either by the skin, lungs, or stomach. The acute form 
Bents symptoms referable to the local as well as to the poisonous ac. 
of the lead salt, and is usually caused by the ingestion of a single dose 
the acetate or carbonate. 

Motatlio lead, although probably not poisonous of itself, causes ohronio 
lead- poisoning by the readinose with which it is converted into com- 
pounds capable of absorption. The sources of poisoning by metallic lead 
are: the contamination of drinking 'water which has been in contact with 
the metal (see p. 50); the use of articles of food or of chewing tobi 
wliich has been packed in tin-foil containing an excess of lead; 
drinking of beer or other beverages which have been in contact 
pewter; or the handling of the metal and its alloys. 

Almost all the compounds of lead may produce painter's colic. ^ 

carbonate, in painters, artists, manufacturers of white lead, and in per- 
sons sleeping in newlypainlod rooms; the o:(idos, in the manufacturers * 
glass, pottery, sealing-wax, and litharge, and by the nso of lead-glaz 
pottery; by other compounds, by the inhalation of thu dnst of cluth (i 
lories, and by the use of lead hair-dyes. 

Acute lead-poisoning is by 
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I chronic form, and usually terminates in recovery. It is caused by I 

I ingestion of a single large dose of the acetate, subacetate, carbonate, 

i or of red lead. In such cases the administration of magnesium sulphate 

. is indicated; it enters into double decomposition with the lead salt to 

> form the insoluble lead sulphate. 

I Lead once absorbed is eliminated very slowly, it becoming fixed by; 

oombttialion with the albuminoids, a form of combination which is ron- 
■ dered soluble by potassium iodide. The channels of elimination are b^i 

the perspiration, urine, and bile. , 

In toe analysis for mineral poisons (see p. l'Z$), the major part oL, 
the load is precipitated as sulphide in the treatment by sulphuretted 
hydrogen. The lead sulphide remains upon the filter after extraction 
with ammonium sulphydrate; it is treated with waim hydrochloric acid, 
which decolorizes it by transforming the sulphide to chloride. The lead 
chloride thus formed is dissolved in hot water, from which it crystaUixes 
on cooling. The solution still contains lead chloride in sufficient quantity ^M 
to respond to the tests for the metal. ^^ 

Although lead is not a normal constituent of the body, the every-day ^H 
methods in which it may bo introduced into the economy, and the sIow-^^| 
ncss of its elimination are such as to render the greatest caution necei-^^| 
sary in drawing conclusions from tho detection of lead in the body after,^^| 
death. ^H 

^^^_ HISMUTII ^1 

^^P BISMUTH Bi ^1 

This element is usually classed along with antimony: by the older 

authors among tho metals, and by the more mo<lern in the phosphorus 

j ffroup of metalloids. We are led, however, to rank bismuth in our third 



vliM wid in a group alou«, because: Ist, while the so-called salts of ati- 
timony are nol sahs of the element, but of the radical antimony! (SbO)', 
bismuth enters iuto saline combination, iibt only in the radical bismuthyl, 
<BtO)', but also as an element, as in the uitrate (NO,),Bi; 2d, wliiln 
llie oompounds of the elements of the nitrogen group in which thotio 
«lenie»ts are quinquivalent, are, as a ruie, more stable than those in 
which they are triv&lerit, only one compound of bismuth is known In 
which that element is quinquivalent, and that one is a very unstable 
acid; 3d, the hydrates of ihe nitrogen group are strongly acid and their 
corresponding salts are stable and well-defined; but those hydrates of bis- 
muth which are acid are but feebly so, and the bismuthates are formed 
with difficulty and are unstable; 4th, no hydrogen compound of bismuth 
is known. 

Bismuth crystallizes in rhombohcdra; has a brilliant, metallic lustre, 
with bluish and reddish reflections; is bard and brittle; fuses at 247°; ap. 
gr. 9.935 when crystallized, 9,fi77 when annealed. 

It is only super6ciaily oxidized in cold air; heated to redness in air, 
it becomes coated with a yellow film of oxide. Pure water does not act 
on it, except at a white heat; in water containing carbonic acid it forms 
a crystalline subcarbonate. Chlorine, bromine, and iodine combine with it 
directly. Hot sulphuric acid dissolves it as sulphate. Nitric acid dis- 
solves it as nitrate. 

It is usually contaminated with arsenic, from which it is b«at puri- 
fied by heating to redness a, mixture of powdered bismuth, potassium 
virbonate, soap, ami charcoal, under a layer of charcoal. After an hour 
the moss is cooled; the button is separated and fused until its surface be- 
gins to be coated with a vellowish brown oxide. 

Oxides.— Four oxides are known : BJ,0,. Bi,0„ Bi,0„ Bi,0^ 

Bisih:t[i Thioxide — Protoxide^-Siaiuutki oxiiluin (Br.) — Bi,0, — is 
formed by decomposing a. bismuth or bismuthyl salt by an alkali, and 
boiling the liquid on the precipitate. It is a pale yellow, insoluble pow- 
der; sp. gr. 8.2; fuses at a red heat. It is reduced by hydrogen or char- 
coal. It dissolves in hydrochloric and nitric acids, and in fused potash. 

Hydrates. — Bismuth forms at least four hydrates: BUmutluiUi hu" 
drate, Bi"'ll,0,, is formed as a white precipitate when potash or ammonia 
is added to a cold solution of a bismuth salt. This hydrate, when dried, 
loses water and forms bismuthyl hydrate (BiO)'HO. SistnuChic acid, 
(BiO,)' HO, is deposited as a red powder when chlorine is passed through 
a boiling solution of potash holding bisniuthous hydrate in suspension. 
Pi/robiairMthie acid, Bi,0,H,, is a dark brown powder, precipitated from 
solutions of bismuth nitrata by potassium cyanide. 

Salts of bismuth. — Xitk.vte, (NO,),Bi — obtained by dissolving bis- 
muth in nitric acid and crystallizing. It crystallizes with 5 Aq. in large, 
colorless urisms; at 150°, or on contact with water, it is converted into 
bismuthyl nitrate; at 260°, into the trioxide. 

Salts of biBmuthyL — They contain the group (BiO)', and ar« 
formed from the corresponding bismuth salt by the uctiun of water. 

Nitrate— .SiiiHiVrafe or Mur/ister!/ of bisinnlli, — Itinmulhi aulmi/rttt 
<U. S., Br.)— X0,(BiO)— is formed by decomposing a solution of bismuth 
nitrate with a large quantity of water, lu its preparation for use in 
medicine, measures must be taken to separata arsenic; in tha Br. P. 
process, the bismuth itself is purihed; in the U. S. P. method, bismuth 
nitrate is decomposed by sodium carbonate; the bismuthyl nitrate so 
formed is washed, redissolved in nitric acid, the solution slowly preoij * 
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tated with ammonium hydrate, and the product washed. In the latter 
process it is expected that the arsenic will be washed out as sodium 
arsenate, an end seldom attained in practice. 

It is a heary, white powder, faintly acid; when recently precipitated, 
water dissolves it in small quantity, but deposits it asam on standing. 
It is decomposed by pure water, but not by water containing j^ ammo- 
nium nitrate. It usually contains 1 Aq., which it loses at 100 . 

The cosmetic known as pearl white is sometimes this salt, sometimes 
bismuthyl chloride. 

Cabbonatb — Bismuthi tubcarbonas (U. S.) — JSismtUhi carbonas (Br.) 
— CO,(BiO), — a white precipitate, formed by alkaline carbonates in solu- 
tions of bismuth nitrate. Heat decomposes it into carbon dioxide and 
bismuth trioxide. 

Analytioal ohaxaoters. — Water, white precipitate, even in the 
presence of tartaric acid, but not in presence of nitric, hydrochloric, or 
sulphuric acid. Hydrogen sulphide, black precipitate, insoluble in dilute 
acids and in alkaline sulphides. ArnriMmiura sulphydrate, black precipi- 
tate, insoluble in excess. Potash, soda, or ammofiium hydrcUe, white pre- 
cipitate, insoluble in excess and in tartaric acid, turns yellow when the 
liquid is boiled. Potassium ferrocyanide, white precipitate, insoluble in 
hydrochloric acid. Potassium /erricyanide, yellowish precipitate, soluble 
in hydrochloric acid. Infusion of gaUs, orange precipitate. Potassium 
iodide, brown precipitate, soluble in excess. 

Action on the economy. — Although the medicinal compounds of 
bismuth probably are poisonous, if taken in sufficient quantity, the ill 
effects ascribed to them are in most, if not all cases, referable to contami- 
nation with arsenic. Symptoms of arsenical poisoning have not only been 
frequently observed when the subnitrate has been taken internally, but 
also when it has been used as a cosmetic. 

When preparations of bismuth are administered, the alviue discharges 
contain bismuth sulphide as a dark brown powder. 



VII. TIN GROUP. 

Titanium, Ti., 60 ; Tin, Sn., 118 ; Zirconium, Zr., 89.6. 

Titanium and tin are divalent in one series of compounds, SnCL, and 
quadrivalent in another, SnCL. Zirconium, so far as known, is always 
quadrivalent. Each of these elements forms an acid (or salts correspond- 
ing to one) of the composition MO^H,, and a series of oxysaits of the 
composition (NO,)^M*\ 

TIN. 

Stanmum Sn 118 

The only member of this group of practical interest, is obtained chiefly 
from a native stannic oxide, cassiterite or tinstone. 

When required pure, commercial tin is dissolved in hydrochloric acid, 
the solution filtered and evaporated; the chloride dissolved in water and 
decomposed with ammonium carbonate; the protoxide reduced by char* 
coal. 
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Tin is a. bluish white metal, soft, m&IIeable, ductile; n^. gr. 7.285 
when (HWt, 7.203 when Lam me red; fuses &t 833°; emits a peculiar sound, 
tho tin cry, when bent. 

.\ir alTeats it but little at ordinary temperatures; when heated in ai 
it is oxidised; more rapidly if alloyed with lend. It oxidizes slowly ii 
water, more rapidly in salt water; if alloyed with lead, that metal is more 
ri'adlly dissolved by water than when it is pure. Hydrochloric acid dis- 
solves it as stannous chloride. Nitric acid, iu presence of a small quan- 
tity of water, converts it into metastannic acid. Alkaline solutions dis- 
snlvo it as metftstan nates. Chlorine, bromine, iodine, sulphur, phoa 
jihorus, and arsenio combine with it directly. 

It is used ill the arts principally to protect iron or copper surfaces 
from atmospherio inlluences, J?a platea are thin sheets of iron coated 
wiili tin. (.opper and iron vessels are tinned, after brightening, by con- 
i.tct with molten tin. The practice of using an alloy of lead and tin in 
tinning' is to bo avoided, as the lead, when thus alloyed, is readily dis- 
Milred. Tin-foil, thin lamiiiie of tin, is used to exclude air and moisture, 
und in the silvering of mirrors. Pewter, bronze, bell metal, speculum 
metal, gun metal, britannia metal, solder and Rose's alloy, contain tin. 
The compounds of tin are largely used in dyeing. 

Oxides. — Two oxides are known, SnO and bnO,. 

Stannic Oxide — Jiinoxide o/tia — SnO, — esists in nature as cauite- 
rite, and is formed when tin or stannous oxide is calcined iu air. Under 
the name puKy powfler it is used as a polishing material. 

Hydrates.— .Sf««»it>tM hijdrtUe, Snll.O, — is a white precipitate pro- 
duced by alkaline hydrates and carbonates in a solution of stannous 
<'hlonde. Slannia ttcul, SnO,!!,, is formed by the action of the same re- 
iigcnts on stannic chloride. Metaatamiic acid, iSu,0,,H„ is a white, in- 
soluble powder, formed by acting on tin with concentrated nitric acid. 

Chlorides. — Two chlorides of tin are known: 

Stannous Cii[.ORinE — ProtocldoritU of tin — Tin i-rystaU — SnCl^ — 
is obtained by dissolving tin in hydrochloric acid. It crystallizes with 
'li A({. in colorless prisms, soluble in a. small quantity of water, but decom- 
posed, with formation of an o,\yohloride, by a large quantity, unless hy- 
drochloric acid be added. In air it is converted into stannic chloride and 
uKTchloride. Oxidizing and chlorinating agents convert it into stannio 
chloride. It is a useful reducing agent, separates gold from its chloride, 
and converts mercuric chloride into mercurous chloride and mercury. It 
is used as a mordant in dyeing. 

Stannk! Ciii^RiDB — JfiiMoride of tin — Liquid o/" J/ibavius — SnCl, 
— is formed from the preceding compound, or by the action of dry ohlo- 
riue on tin, as a fuming, yellowish liquid; sp. gr. 2.26; boils at 120°. 

Salts. — Stannouh NiTRATK, (NO,),Sn— formed when stannous hy- 
drate is dissolved in nitric acid. The solution deposits metastannic acid. 

Sta.vxk; Nitrate, (NO,),Sn — formed when staiiuie oxide is dissolved 
in nitrio acid. 

Stannous Sui.i'hatk, SO,Sn, and Stanxk^ Sulpiiatk, (SO,),Sn — 
are produced, the former when stannous hydrate is dissolved in hot diluto 
sulphuric acid, and the latter when tin is dissolved iu strong boiling^ 
sulphuric acid. 

Analytical oharaoters. — Stannous. — Polnsh or Soda, white pre- 
ipitato, soluble in excess; the solution deposits tin when boiled. Am- 
itmiitin hi/drate, white precipitate, insoluble in excess; turns olive.brown 
whon the liquid is boiled. Hydrogen sulphide, dark brown precipitate. 
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soluble in potash, alkaline sulphides, and hot hydrochloric acid. Mercuric 
chloride^ white precipitate, turning gray and black. Auric cJdoride^ pur* 
pie or brown precipitate in presence of a small quantity of nitric acid. 
ZinCf deposit of tin. 

STANNIC. — Potash or Ammonium hydrate^ white precipitate, soluble 
in excess. Hydrogen stdphide^ yellow precipitate, solub^ in alkalies, 
alkaline sulphides, and hot hydrochloric acid. Sodium hyposulphite^ 
yellow precipitate, when heated. 



VIII. PLATINUM GROUP. 

PALULDitJM, Pd., 106.5 ; Platinum, Pt., 198. 

IX. RHODIUM GROUP. 

Bhodiuh, Rh., 104; Ruthenium, Ru., 104; Iridium, Ir., 197.2. 

• 

The elements of these two groups, together with osmium, are usually 
classed as ''metals of the platinum ores." They all form hydrates (or 
salts representing them) havinff acid properties. Osmium has been re- 
moved because the relations existing between its compounds and those 
of molybdenum and tungsten are much closer than those which they ex- 
hibit to the compounds of these groups. The separation of the remaining 
platinum metals into two groups is based upon resemblances in the com- 
position of their compounds, as shown in the following table: 



Pda,..PtCla.. 
Pda4..PtCl4.. 



Chloridet. 

RhClt. . .RuGls • .? 

..RaGl« ..IrCl« .. 



. . Rh,a. . .RuaCl. . .IraCl. . . 



Oxidei. 

PdC.PtO ...BhO ..BaO ..IrO 
. . .iRhsOt. .Ra,Ot. .IrtO, 



PdOt. .PtOs . . .'RhOs . .RaOs . .IzO, 
.. ...|BhO< ..RuOt ..IrO, 



PLATINUM. 



Pt 



198 



Exists in nature, associated with the other platinum metals, gold, 
lead, and iron; the ores containing 45 to 86 per cent, of platinum. 

It is a grayish white metal, sp. gr. 21.1 when cast, 21.5 when ham« 
mered; softens at a white heat; may be welded; fuses with difficulty; 
very malleable, ductile, and tenacious. When obtained by heating the 
double chloride of platinum and ammonium it forms a grayish mass, 
called spongy platinum. It is not oxidized by air or oxygen ; combines 
directly with chlorine, phosphorus, arsenic, silicon, sulphur, and carbon. 
Aqua regia is the only acid which dissolves it. Platinum vessels are per- 
forated or deteriorated when heated with metals, easily reducible metallic 
oxides, mixtures capable of liberating chlorine, and phosphates, silicates, 
hydrates, nitrates, or carbonates of the alkaline metals. 

Platinio ohloride, PtCl^ — formed by dissolving platinum in aqua 
regia. It crystallizes in very soluble, yellow needles, whose solution is 
FaJuable as a test for ammonium and potassium. 




1. SOniUM GROUP. 

Alkaiitic Metals. 

Lithium Li T I RnBiDttru Rb 86.4 

SoniUM Na 23 C-Bsiu« Us 13S.6 

PoTABsmM K 39 I Silver Ag 108. 

Eacli of ihe elements of this group forms a single chloride, M'Cl, and 
Olio or more oxides, the most stable of which has the composition M' O; 
they are, therefor, univalent. Their hydrates, M'lIO, are more or less 
alkaline and have markedly basic characters. Silver reaemblea the other 
members of the group in chemical properties, although it does not in 
physical characters. 



} the lightest of the 
s in air; decomjKtscs 



A silver-whit6 metal; tarnishes rapidly v 
•olid elements; sp. gr. 0.589; fuses at 18t 
water at the ordinary temperature. 

Oxide, Li,0 — is a white solid, formed by burning lithium in thy 
oxygen. It dissolves slowly in water with formation of the hydraU; 
Li HO. 

Chloride, LiCI — crystallizes in regular octahedra; very deliquescent; 
. double chloride with platinic chloride, which is soluble in water 



alec 



ol. 



Bromide — XtfAit bromidnm — LiBr — is formed by decomposing lith- 
ium sulphate with potassium bromide. Also by saturating a solution of 
hvdrobromio acid with lithium carbonate. It forma deliquescent nec- 
dlea, which contain 9L95 percent, of bromine. 

Salts. — Carbonate — Lithil carhotuts (U. S.) — CO, Li,— obtained by 
(using Upidotite, a native silicate, witii barium sulphate and carbonate 
&iid potassium sulphate; extracting with water, and precipitating witb 
sodium carbonate. The product is purified by repeated washing with 
water, suspension in water through which carbon dioxide is passed, and 
re precipitation by boiling the solution. It is soluble in water to the ex- 
tent of 1.2 parts per 100; 5.35 parts per 100 in water containing carbonia 
acid; insoluble in alcohol. With uric acid it forms lithium urate (ij. v.), 

Analytioal oharaoters. — Ammonium carbonate, white precipitate 
in oonuentrated solutions, never in dilute solutions or in presence of large 
quantities of amuioiiiacal salts. Sodium pkotphatea^ whvte \tve>;'\Y.\*.\» 
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in neutral or alkaline solution, soluble in acids and in solutions of am- 
moniaoal salts. It colors the Bunsen flame bright red, and has a spectrum 
of two bright lines— X= 6705 and 6102. 



SODIDBL 

KatHum Na 23.043 

Sodium is now obtained by a process based upon the reduction of the 
carbonate by coal. A mixture of dry sodium carbonate, coal, and chalk 
is heated to whiteness in iron retorts, connected with suitable recipients, 
in which the distilled metal is collected under a layer of naphtha. 

It is a silver-white metal, is rapidly tarnished in air, and becomes 
coated with a brownish yellow layer. At ordinary temperatures it is of 
waxy consistency; at 95.6^ it fuses; at a white heat it volatilizes; sp. gr. 
0.972 at 15^ 

In air it is gradually oxidized from the surface inward, but may be 
kept in well-closed vessels without the protection of a layer of naphtha. 
It decomposes water; frequently, if the sodium have been long kept, with 
an explosion. It bums with a yellow flame. Its affinities are the same 
as, but less active than, those of potassium. 

Oxides. — Three oxides of sodium have been described, Na^O, Na,0, 
Na,0,. The protoxtdey Na,0, is a grayish white mass, formed when 
sodium is burned in dry air, or by action of sodium upon sodium hydrate. 

Hydrate — Caustic soda — Soda (U. S., Br.) — NaHO — is formed 
wlien water is decomposed by sodium. It is usually obtained by decom- 
})osing the carbonate with caustic lime or baryta. The solution is decanted 
from the earthy carbonate and evaporated in a silver basin, in which the 
residue is fused and cast into cylindrical moulds. It is purified by solu- 
tion in alcohol and evaporation. The soda by baryta is purer than the 
soda by lime; the latter frequently contains arsenic. 

It is opaque, white, fibrous, brittle, fusible below redness, sp. gr. 2.00; 
very soluble in water; its solutions, known in the arts as Soda lye^ and in 
pharmacy as JLiq, sodce (the latter of sp. gr. 1.071), are intensely caustic 
and alkaline. When exposed to air it absorbs water and is converted 
into the carbonate. 

Soda solutions attack glass very readily; the necks and stoppers of 
bottles containing them should be well coated with paraffine. 

Chloride — Common salt — Sea salt — Table scdt — Sodii chloridwrn 
(U. S., Br.) — NaCl— occurs abundantly in nature, deposited in the solid 
form as rock salt, in solution in all natural waters, in suspension in the 
atmosphere, and as a constituent of almost all vegetable and animal 
tissues. It is formed in an infinite variety of chemical reactions. It is 
obtained from the natural deposits of rock salt; or by evaporation of sea- 
water or the water of saline springs. It is the source from which all the 
compounds of sodium are industrially obtained, directly or indirectly. 

It crystallizes in anhydrous cubes or octahedra; sp. gr. 2.078; fuses 
at a red heat, and crystallizes on cooling; at a white heat it volatilizes 
sensibly. One part of the salt dissolves in 2.78 parts of water at 14^; 
in 2.7 parts at 60°, and in 2.48 parts at 109.7°. Dilute solutions, on freez- 
ing, yield pure ice. Hydrochloric acid precipitates it from its concen- 
trated solution. It is insoluble in absolute alcohol, sparingly soluble 



in weak alcohol. Sulphuric acid decompDsas it with formalioii of soJii 
sulphate and liberation of hyOroclilorio acid. 

Physiological. — Sodium chloride exists in every animal tissue a 
fluid, and is present in the Utter, especially the blood, in tolcrablr eon- 
Btant proportion. It is introduced with the food, either as a constituent 
of the alimentary substances, or as a condiment. In the body it serves to 
aid the phenomena oi osmosis and to maintain the solution of the albu- 
minoids. It is probable, also, that it is decomposed in the g-astric inuoous 
membrBrie with formation of free hydrochloric acid. 

It is discharged from the economy by all the channels of elimination, 
notably by the urine, when the supply by t!ie food is maintained. It, 
however, the food contain no salt, it disappears from the urine before it 
is exhausted from the blood. 

The amount of chlorine (mainly in the form of sodium chloride) voided 
by a normal male adult in 24 hours is aliout 10 grams, corresponding to 
16.5 grama of sodium chloride. When normal orexoessivo doses are taken, 
the amount eliminated by the urine is less than that taken in; when small 
quantities are taken, the elimination is at first in excess of the supply. 
The hourly elimination increases up to the seventh hour, when it again 
diminishes. The amount of sodium chloride passed in the urine is less 
than the normal in acute, febrile diseases; in intermittent fever it is dim- 
inished during the paroxysms, but not during the intervals. In diabetes 
it is much increased, sometimes to S9 ij^rams per diem, 

QuatUitative deU-rniinaCioii of chloride in urine. — ^The process is 
based upon the formation of the insoluble silver chloride, and upon the 
formation of the brown silver chromate in neutral ticjuids, in the abseuco 
of soluble chloridoE. The Hulutions required arc: 

J'^rsl. — A eolution i/failvr intraU of knowu strength, made by dis- 
solving 29.073 grains of pure, fused silver nitrate (see p. 407) iu a litre of 
wftter. Second. — A solution of neutral potassium chromate. 

To conduot the determination, 5 — 10 c.c. of the urine are placed in a 
platinum basin, 2 grama of sodium nitrate (free from chloride) are added; 
the whale is evaporated to dryness over the water-bath, and thu residue 
heated gradually until a colorless, fused mass remains. This, ou cooling, 
is dissolved in water, the solution placed in a small beaker, treated with 
pure, dilute nitric acid to faintly acid reaction, and neutralized with cal- 
cium carbonate. Two or three drops of the cfaromato solution are added, 
and then the silver solution from a burette, during constant Stirling of 
the liquid in the beaker, until a faint reddish tinge remains permanent. 
Each c.c. of the silver solution used represents lU milligrams of sodium 
clioride (or C.OCo milligrams of chlorine) in the amouut of urine used. 

Exainpk.—5 c.c. urine used, G c.c. silver solution added; 1,300 c.c 
urine passed in 24 houra: .-.-"b:^ x 1,-^0()=14.4 grams XaCI iu 24 

If the urine contain iodides or bromides, they must be removed by 
acidulating the solution of the residue of incineration with aulphunc 
acid, removing the iodine or bromine by shaking with carbon disulphide, 
neutralizing the aqueous solution with calcium carbonate and proceeding 
as above. 

Bromide, NaBr. — formed by dissolving bromine in a solution of 
caustic soda to saturation, evaporating to dryness, calcining the residue 
at a dull red heat; redissolving in water, Rltering and crystallizing. It 
oryatftlUzea in anhydrous cubes; soluble in 1.13 parts of water at ^Q', 
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«nd ill 0.87 at 100°; soluble in alcohol It contains 77.67 per cent, of 
bromine. 

Iodide, Nal — ^prepared by heating together water, iron-filings, and 
iodine in fine powder, filtering, adding an equivalent quantity of sodium 
sulphate and some slacked lime; boiling, decanting, and evaporating. It 
crystallizes in anhydrous cubes; soluble in 0.56 parts of water at 20% 
and in 0.32 at 100°; soluble in alcohol. It contains 84.66 per cent, of 
iodine. 

Salts of Sodium. — Nitiults — Cubic saltpetre — Chili saltpetre — Sodii 
nitras (U. S.) — NO,Na-— occurs in natural deposits in Chili and Peru. It 
crystallizes in anhydrous rhombohedra; is deliquescent; has a cooling, 
saline, and somewhat bitter taste; fuses at 310°, and, when strongly 
heated, is decomposed with formation of nitrite, and then of hydrate of 
sodium and nitric acid; very soluble in water; less soluble in water con- 
taining free nitric acid; sparingly soluble in alcohoL 

It is used in the manufacture of saltpetre, in the manufacture of 
nitric acid, sodium sulphate being a byproduct, and as a fertilizer. 

Sulphates. — There are five sodium sulphates: SO^NaH, SO.Na,, S, 
0,Na , (SO,) Na,H, and (SO,) NaH,. 

j/i/drosoaic sulphate — Acid sodium stdphate — Sodium bistUphate — SO, 
NaH — crystallizes in long, four-sided prisms; is unstable, and is decom- 
posed by exposure to air, by water or by alcohol, into sulphuric acid and 
the neutral sulphate. When heated to dull redness, it is converted into 
the pf/ro8idph(U€y S,0,Na,, corresponding to pyrosulphuric or Nordhau- 
8en acid. 

Sodic sulphate — JSTeutral sodium sulphate — Glauber's salt — Sodii sul- 
2}Jias (U. S.) — Sodce sidp/^as (Br.) — SO,Na,— occurs in nature in the solid 
form, and in solution in many natural waters. It is obtained as a step in 
the manufacture of the carbonate {q. t^.), from the natural deposits, from 
the mother-liquors of the preparation of sodium chloride, and as a bypro- 
duct in the manufacture of nitric acid; principally by the decomposition 
of sodium chloride by sulphuric acid. 

It crystallizes with water in two proportions, 7 Aq. and 10 Aq. The 
salt, S0^Na,+7Aq. is deposited from saturated or supersaturated solutions 
at 4-5°. The salt, SO,Na,-hlO Aq. is that usually met with and which 
is used in pharmacy. It crystallizes in large, colorless, oblique, rhombic 
prisms, which effloresce in air and gradually lose all their Aq. It fuses 
at 33° in its water of crystallization, and is gradually converted into the 
anhydrous salt. If fused at 33° and allowed to cool, it remains liquid in 
supersaturated solution, from which it is deposited, the entire mass be- 
coming crystalline on contact with the smallest particle of foreign matter. 
It is sparingly soluble in alcohol. 

I^hysioloyical. — ^The neutral sulphates of sodium and potassium seem 
to exist in small quantity in all animal tissues and fluids, with the excep- 
tion of milk, bile, and gastric juice; they certainly exist in the blood and 
urine. They are partially introduced with the food, and in part formed 
ill the body as a result of the metamorphosis of those constituents of the 
tissues which contain sulphur in organic combination. 

The principal elimination of the sulphates is by the urine. All the 
sulphuric acid in the urine is not in simple combination with the alkaline 
metals, a considerable amount exists in the form of the alkaline salts of 
conjugate, monobasic ether acids, which on decomposition yield an 
aromatic organic compound. The amount of sulphuric acid discharged 
by the urine in twenty-four hours, in the form of alkaline sulphates, is 



from S.5 to 3.5 grains; thitt oliminated in the anlts of 1 In: <'onJLigai>- nridn, 
0.617 to 0.0!I4 gram. 

Htposulpiiite — Sodii M/poaitlphin (U. S.) — S,0,Na.-'-5Aq. — ih hIi- 
tkined by fusing together aulphurand sodium carbonate; oxidizing tUe 
sulphide so formed; dissolving siilphtir in the hot, oonceiitrated solution 
of the sulphite, and orystalli^irig-. 

It crystftUixes in large, colorless prisms, which fuse nt 45°. One part 
dissolves in 1.44 part of water at 20°; and in 0.52 part at 60\ It is in- 
6olubIe in alcohol. Its solutions precipitate aiumina from its salts with- 
out precipitating iron or manganese ; they dissolvr> many compounds 
which are insoluble in water; cuprous hydrate, iodides of lead, silver, and 
mercury, lead and calcium sulphates. It acts as a (tisinfcctant, and is 
preservative of animal tissues. 

Silicates. — If silex and sodium carbonalo ba fused together, the 
residue extracted with water and the solution evaporated, a transparent, 
glass-like mass, soluble in hot water, remains ; this is noliiUe (/last or 
viater-gUiM. When exposed to the air in contact with stone, it becomes 
entirely insoluble, and is used to render Btone 8truoture« impprme- 
able. 

PnoaPHATES. — Three .salts derived from orthophosphoric aeid exist: 

IVisoilic phosphate^- liaxir ^oiliunt photphate — PO,Na, -I- 13 Aq. — is 
obtained by adding sodium hydrate to disodic phosphate and evaporating 
to crystallization. It orystallizes in six-sided prisms; soluble in 5.1 parts 
of water at 15.5°. The solution is alkaline in reaction, and by exposure 
to air absorbs carbon dioxide with formation of disodic phosphate, and 
sodium carbonate. 

DUodic phosphate — Jfi/ilradiaodic pkotphaU — Xculral aodlum p/u»- 
phate — Phosphate of »"<la — Sodii phosphas (U. S.) — Sodm p/toephas 
(Br.) — PO,Na,H-M;JA<j. — is obtained by converting tricalcic phosphate 
(bone phosphate) into monocalcio phosphate, and decomposing that salt 
with sodium carbonate. It crystallizes below 30° in oblique, rhombic prisma 
with V2 Aq.;at 33", it crystallizes with 7 Aq. The salt with 12 Aq. 
effloresces in air and readily parts with 5 Aq. ; it is sohiblo in four parts 
of cold water and in two parts of boiling vrater; that with 7 A<^. is not 
efflorescent and dissolves in eight parts of water at ^'•i". Its solutions are 
faintly alkaline. It is insoluble in alcohol. 

Monmodic phosphate — Acid sodium. phoapAaCn — PO.NaH, H-Aq. — 
crystallizes in rhombic prisms. At 100° it loses its Aq., and, at about 200" 
is converted into an acid pyrop/iOKp/tti/e, P,0,Na,H^, which nl 204" is 
converted into the inetaphospliate, PO,Na. It is very suluhlo in waiter 
and insoluble in alcohol. Its solutions arc acid in reaction. 

Phynialoffical, — All the sodium phosphates exist, acoompanicd by tho 
corresponding potassium salts, in the animal economy. The disodic and 
dipotaasic phosphates are tho most abundant, and of these two the for- 
mer. They exist in every tissue and fluid of tho body, and are more 
abundant in tbe fluids of the carnivora than in those of the hcrbivora. 
Id the blood, in which the sodium salt predominates in the plasma, and 
the potassium salt in the corpuscles, they serve to maintain an alkaline 
reaotioQ. With strictly vegetable diet the proportion of phosphates in 
the blood diminishes, and that of the carbonates (the predominating salts 
in the blood of the horbivora) increases. 

The monosodic and monopotassic phosphates exist in tho urine, the 
former predominating, and to tlieir presence the acid reaction of that 
fluid is largely due. They are produced by decotnpoBition of the neutral 
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salts by uric acid. The urine of the herbivora, whose blood is poor in 
phosphates, is alkaline in reaction. 

The greater part of the phosphates in the body are introdaoed with 
the food; a portion is formcKl in the economy by the oxidation of phos- 
phorized organic substances, the lecithins. (See p. 286). 

Borates. — Six sodium borates have been described; the only one re- 
quiring mention is Disodic tetraborate; Sodium pyroborate; JBorate 
of Boaiiim; ^Borax; Tltical; Sodii boras (U. S.)— Bo^O^Na,-hlOAq. — is 
now prepared chiefly from the boracic acid of Tuscany, which is boiled 
with a proper quantity of sodium carbonate and crystallized. It crystal- 
lizes in hexagonal prisms with 10 Aq., or in regular octahedra with 5 Aq. 
The former variety is permanent in moist air, but effloresces in dry air, 
and is soluble in 12 parts of cold and in 2 parts of boiling water; the lat- 
ter is permanent in dry air. Either form, when heated, fuses in its Aq., 
and swells considerably; at a red heat it becomes anhydrooSy and on 
cooling forms a clear, glassy mass. 

It is fatal to the lower forms of animal life, and is a safe and efficient 
agent for driving off insect vermin. 

Hypochlorite, ClONa — is obtained in solution in the Liq, sodcB 
cJdorinaicB (U. S.); JAq, sodce chloratce (Br.); or Laharraqu^$ solution^ 
by decomposing a solution of chloride of lime (q. v.) with sodium carbonate 
and filtering. It is readily decomposed, giving up a portion of its chlo- 
rine, which, being in the nascent state, acts as an efficient decolorizing and 
disinfecting agent. 

Permanganate, MnO^Na — is prepared in the same way as the po- 
tassium salt (q, v.)f which it resembles in its properties. It enters into 
the composition of Condy*9 fluids and of the disinfectant known as cAloro- 
zone^ which is a solution of sodium permanganate and hypochlorite. 

Acetate — Sodii acetas (U. S.) — Sodas acetas (Br.) — C,H,0,Na-f 3Aq. 
— is prepared by distilling purified calcium pyrolignite with sulphuric 
acid, neutralizing with sodium carbonate, and crystallizing. It crystal- 
lizes in large, colorless prisms; has a sharp, bitterish taste; is soluble in 
3.9 parts of water at 6°; soluble in alcohol; in dry air it loses 3 Aq., which 
it takes up again from moist air. Heated with soda-lime, it is decomposed 
with production of marsh-gas. The anhydrous salt, heated with sulphuric 
acid, yields glacial acetic acid. 

Caxbonates. — Three sodium carbonates are known: CO,Na„ CO, Na 
H,(CO,),Na H,. Sodium carbonate — Neutral carbonate of soda — Soda — 
Sal soda — Washinff soda — Soda crystals — Sodii carboncu (U. S.) — Sodas 
carbonas (Br.) — CO,Na, — is industrially the most important of the sodium 
compounds, and is manufactured in enormous quantity from the chloride 
by Leblanc's or Solvay's processes; or from cryolite^ a native fluoride of 
sodium and aluminium. 

Leblanc^s process, in its present form, consists of three distinct pro- 
cesses: First, — The conversion of sodium chloride into the sulphate by 
decomposition by sulphuric acid. Second. — ^The conversion of the sul- 
phate into carbonate by heating a mixture of the sulphate with calcium 
carbonate and charcoal. The product of this reaction, known as black 
ball soda, is a mixture of sodium carbonate with charcoal and calcium 
sulphide and oxide. ITiird. — ^The purification of the product obtained in 
Second. The ball black is broken up, disintegrated by steam, and lixivi- 
ated. The solution, on evaporation, yields the soda salt or soda of com- 
merce. 

Of late years Leblanc's process has been in great part replaced by 



So!vay's metbod, or ainmonia process, which is more economicnl and 
yields a purer product. In this process sodium chloride and ammonium 
bioarbonate react upon each other with production of the sparingly solu- 
ble sodium bicarbonate and the very soluble ammonium chloride. The 
■odium bicarbonate is then simply collected, dried, and heated, when it is 
decompoaed iuto carbonate, water, and carbon dioxide. 

The anhydrous carbouate, Sodti carbonas exsiccata (U. S.}, CO,Na , 
is formed as a white powder by calcining the crystals. It fuses at dull 
redness and gives off a little carbon dioxide. It combines with and dis- 
solves in water with elevation of temperature. 

The orystalline sodium carbonate, CO^Na^-l-lOAq., forms large rhom- 
hto crystals, which elHoresce rapidly in dry air; fuse in their Aq. at 34°', 
are soluble in water, most abundantly at 38°, at which temperature 100 
puts of water contain 51.07 parts of CO,Na,. The solutions are alkaline 
in reaction. 

Hytfrosodic carboiuttf — Monosotlic •arhmmt-- — Jiicarbonate of soda — 
Acid carbonaU of noda — I'icAi/ sail — Sodii bioarhtinaa — (U. S.)— ^rfie 
inearbotia* (Br.)— (JO, Nail— exists in solution in many mineral waters. 
tt is obtained by the action of carbon dioxide upon the disodic salt iu 
the presence of water. 

It crystallizes in rectangular prisms, anhydrous and permanent in dry 
air; in damp sir it gives off carbon dioxide and 'm converted into the 
sesqui carbonate, (CO,),Na,II,. Wiien heated it gives off carbon dioxide 
and water, and leaves the disodic carbonate; 100 parts of water dissolve 
8.16 parts at 10°, and 16.4 parts at G0°; above 70° the solution gives off 
carbon dioxide. The solutions are allialine. 

J'ht/iiiolot/ical. — 'The fact that the carbonates of sodium and potassium 
are almost invariably found in the ash uf animal tissues and fluids, is no 
evidence of their existence there in life, as the carbonates are produced 
l)y the incineration of the sodium and potassium salts of organic acids. 
There is, however, excellent indirect proof of the existence of the alka- 
line carbonates in the blood, especially of the herblvora, ici the urine of the 
herbivora at all times, and in that of the carnivora and omnivnra when 
food rich in the salts of the organic acids, with alkaline metals, is taken. 
The carbonates in the blood are both the mono- and disodic and potassic; 
and the carbonic acid in the plasma is held partially in simple solution, 
and partly in combination in the monometallic carbonates. 

Analytical Charaoters. — Hydrojtuoeilicic acid — a gelatinous pre- 
cipitate, if not too dilute. Potassium pyroantimoniate-, in neutral solu- 
tion and in the absence of metals other than potassium and lithium, a 
white, flocculent precipitate, becoming crystalline on standing. Periodt:' 
a>^id in exoesa, a white precipitate if the solution be not too dilute. The 
Bunsen 6ame is colored yellow, and shows a brilliant double line oooupy- 
Ing the position of the D-liue of the solar spectrum; X=589G and 5880. 



POTASSIUM. 

Solium K ;i!).137 

la prepared by the same process as that used for obtaining sodium. 
ia a silver-white metal, brittle at 0°; waxy at 10°; at 62.6° it fuses 
red heat it diBtila in green vapors, which condense in cubic crvstal!i; 



gr. 0.805 at 15°. 
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Potassium is the only metal which oxidizes at low temperature s in dry 
air, in which it is rapidly coated with a white layer of the hydrate, and 
frequently ignites, burning with a violet flame. It must bo kept undo 
napntha. It decomposes water or ice with great energ-y, the re&ctiol 
liberating heat enough to ignite the hydrogen which is set free. It co< 
biiica with chlorine with incandescence, and also unites directly with ■ 
phur, phosphorus, arsenic, antimony, and tin. 

Oxides. — Two oxides of potassium are known, K,0 and K,0 . 

Hydrate — Fot/ixh — PoUiasa — Coitimon caustic — Potaasa (U, S.)- 
Polasna caimlini (Br.) — K.II(.l — is obtained from potassium carbonate t 
decomposition with calcic hydrate. The solution is evaporated and tl 
residue fused and cast into cylindrical moulds; the product is potaah I 
Uiiie. To purify it, it is dissolved in alcohol, the solution evaporated, tl 
residue fused in a. silver basin an,d cast in a silver mould: the product | 
jiotimh bif atcohnl, and is free from potassium chloride and sulphate, I 
contains small quantities of the carbonate, and frequently arsenio. 

It is usually met with in cylindrical sticks, hard, white, opaque, __ 
brittle. The potash by alcohol has a bluish tinge, and a sroootner mu- 
face than the common; sp. gr. 2.1; it fuses at dull redness; is freely 
soluble in water; less so in alcohol. The solutions have a soapy taste, 
and ail alkaline reaction, and are strongly caustic. In air, it ubsorbs wa- 
ter and carbon dioxide, and is finally converted into the carbonate. Its 
solutions dissolve chlorine, bromine, iodine, sulphur, and phosphorus. 
It decomposes the ammoniacal salts with liberation of ammonia; and the 
salts of many of the metals with formation of a potassium salt and a 
hydrate of the metal. It dissolves the albuminoids with formation of an 
nfkuli albuminate; when heated with them, they are decomposed with 
formation of teucin, tyrosin, etc. It oxidizes the carbohydrates with 
formation of potassium carbonate and oxalate. 

SlUphides.— Five sulphides, K,S, K,S„ K,S„ K S„ and K,S., and 
sulphydrate, KHS, are known. The pentamilp/tide, K,S^, is formed ' 
excess of sulphur and potassium carbonate are fused together; th< 
duct is a brown mass, known as liver of gulphur, or Potassii sulp/u 
turn (U. S.); Potawa siilphurata (Br,). It is readily decomposed, 
on contact with hydrochloric acid gives off hydrogen sulphide. 

Chloride — Sal digeMivum Sylvii—KC\ — exists in nature, either pui 
or mixed with other ohlorides; at Stassfurth, a double chloride of potas- 
sium and magnesium, KCl, Mg(.'l,+GAq., called camailite, is worked as a 
source of potassium compounds. 

It crystallizes in anhydrous cubes; permanent in air; 100 parts of wa- 
ter dissolve 29.3:) parts at 0°, and 0.2738 part more for every degree of 
elevation of temperature. 

Bromide — Potuinii bromidum (U. S., Br.) — KBr — is formed either 
by decomposing ferrous bromide by potassium carbonate, or by dis&oli 
ing bromine in solution of potassium hydrate. In the lut 
ture of bromide and bromate is obtained, and the latter \i 
bromide by calcining the product. 

It crystallizes in anhydrous cubes or tables; has a sharp, salty taste; 
is very soluble iu water, sparingly so in alcohol. Chlorine decomposes il 
with Hberation of bromine. It contains 67.22 per cent, of bromine. 

Iodide — Potiusaii iodidwn{\}. S., Br,)— Kl — is obtained by satui 
ting potash solution with iodine, evaporating, and calcining the resultii 
■nixlnre of iodide and iodute with charcoal. Tlio product is very Hal 
to contain iodate and carbonate. 



witb 

I 



liner 
soI^^H 




POTASSIUM. 401 ^^M 

Ttcryatallucs in cubes, which are transpiirent if the iodide be pure; ^^M 

permtiiieiic in air, salty i[i taste; soluble to tlm extent of 100 parts, in ^^M 

73.5 parts of wat(>r at 13.5°, and in 45 pans at 120°. It dissolves in b.5 ^^M 

parts of alcuhol of bj). gr. 0.85 at l'i.5°. Chlorine and nitrous and nitric ^^| 

aoids decompose it with liberation of iodine. It combines with many ^^| 

other iodides to form double iodides. ^^M 

Salts.— NiTKATK—iWfre — S<Utpetre — PotaisiinilT(i»{\J. S.) — PotoMtt ^H 

niCriu (Br.)— NO,K — exists naturally, and is formed artificially as a re- ^^M 

suit of the docompoaitlon of nitrogenized organic substances. The more ^^| 

usual process for its preparation is the decomposition of the native sodium ^^^ 

nitrate, either by a boiling solution of potassium carbonate, or by potas- ^^^ 

It crystallizes in siX'sided, rhombic prisms, which are grooved upon ^^M 

the surface. It dissolves in water with depression of tempi^rature, and ^^t 

U more soluble in water containing sodium chloride; in alcohol it is very ^H 

sparingly soluble. It fuses at 350", without decomposition; at a temper- ^H 

Bture below redness it gives off oxygen, and is converted into the nitrite, ^H 

NO,K; when further heated it is decomposed into nitrogen, o^gen, and ^^M 

a mixture of the oxides. The readiness with which it ^ives up its osy- ^H 

gen, when heated in presence of an oxidizabte substance, renders it valu- ^^H 

able as an oxidising agent, ^^U 

Gunpowder is an intimate mixture of this salt with sulphur and car- ^^| 

bon. in such proportion that the nitre contains all the oxygen required for ^^| 

the combustion. ^H 

Uhlokate — Chlorate oj" potash — Potasaii chloras (U. S.) — PotoMce ^^| 

cfUorat {Qt.) — C10,K — is prepared from potassium chloride; this is mixed ^^| 

with slaked lime, and the mixture, while heated to 60°, treated with ^^| 

chlorine until no further absorption of gas takes place, when it is drawn ^^| 

off, allowed to deposit, the clear solution rapidly evaporated, and the pro- ^^| 

duct purified by recrystallization. ^^| 

It crystallizes in transparent, anhvdrous plates. Soluble in water to ^^| 

the extent of 0.03 parts in 100 at 15.37°, and 24 parts at 104.7°; spar- ^" 
ingly soluble in weak alcohol; fuses at 400°; i£ further heated, it is de- 
oomposed into chloride and perchiorate with liberation of oxygen, and at 
a stdl higher temperature the perchiorate is decomposed into chloride 

aod oxygen. ^^H 

It is a valuable source of oxygen, and a more active oxidizing agent ^^| 

than nitre. When mixed with readily oxidizable substances, carbon, sul- ^^| 

phur, phosphorus, sugar, tannin, resins, etc., the mixtures explode when ^^| 
heated or subjected to shock, the violence of the explosion bemg such as 
to prevent the use of such mixtures as explosives. With stronjr sul- 
phuric acid, potassium chlorate gives off peroxide of chlorine, C1,0,, an 
explosive, yellowish gas. Nitric acid decomposes it with formation of 
nitrate and perchiorate, and liberation of chlorine and oxygen. Heated 
with hydrochloric acid, it gives a mixture of chlorine and peroxide of 
chlorine, the latter acting as an energetic oxidant in solutions in which 

it is generated. ^h 

HVi-ociii.oritk, ClOK — is formed in solution by imperfect saturation ^^| 

of a cooled solution of potash with hypochlorous acid. An impure solu- ^^| 

tion \a used in bleaching, under the name of JaveUe waUr. ^^| 

SuLi'HATRs. — Two sulphates, formed from single molecules of the 
acid, exist, SO,K, and SO.KII. liesidea these, others are known, such 
as (SO,) K.n„ (SO.),K.n, and tho pyroatdphiUe, S,0,K„ 

St^phale — I)ipoCaiiic suiph<iic — Potaitii tuii^iaA — QiJ. ft^^ — P(jta«» 
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ttidphas— (Br.)— SO, K^ — exists in the Stassturth 
m&iiy plants, and m solutii * ' 

BlUEBfutlh deposits, and as 
facturing processes. 

It crystallizes iu rigljt rhombic prisms; hard, perm&Dent in air; 
&nd bitter in taste; soluljle in water to the extent of 10.5 parts in 100 
12', and 26.3 parts at 101.5°. 

JfydropoloMic sitlp/uite — Monopotassic aulpjiate — Add sitlpfitUi 
80,KH — is formed as a by-product in the manufacture of nitric 
When heated it loses water, and ia converted into the pyroaulf 
S,0,K,, which, at a higher temperature, is decomposed into the 
sic salt atid sulphur trioxide. 

S0LPI1ITKS.— Thr«e sulphites, SO K,, SO.KH, and S.O.K,, are «...,„,^, 

Suiphite — Dipotassic sulphite — Neutral potaeaium nuip/iUe — PoUuM 
Btdphia f U. S.) — SO,K. — is formed by saturating a solution of the carbo- 
nate with sulphur dioxide, and evaporating over sulphuric acid. It crys- 
tAlliies in oblique rhombic octahedra, which have a. sulphurous odor and 
are very Wubie in water. Its solution, when exposed to air, absorbs 
oxygen, and the salt is converted into the sulphate. 

CtiBOMATB — Neutral ehromate — CrO,K., — is formed by heating a mix- 
ture of chrome iron ore, FeCr,0,, and potassium nitrate or carbonate in 
contact with air; the residue is extracted with water; the solution neu- 
tralized with dilute sulphuric acid and evaporated. The dichromate thus 
formed is dissolved in water and converted into the ehromate by 
tralization with a suitable quantity of potassium carbonate. 

Dichromate — bichromate — J^tassH bichrotnas (U. S.) — I^ti 
biehrotnan (Br.) — Cr,O.K, — ia prepared us described above. It foi 
large, reddish orange colored, prismatic orj'stais; soluble in water; fu 
below redness, and at a higher temperature is decomposed into oxygen, 
potassium ehromate, and sesquioxide of chromium. Hydrochloric acid 
heated with it gives off chlorine. 

PsBMANGANATE — PotdSiH pcrmanffanos {U. S.) — PotaattB perman- 
ffanag (Br.) — MnO,K — is obtained by fusing a mixture of manganese 
dioxide, potash, and potassium chlorate, and evaporating the solution to 
crystallization; potassium manganate and chloride are first formed; on 
boiling with water the manganate is decomposed into potassium perman- 
ganate and hydrate, and manganese dioxide. 

It crystallizes in dark prisms, almost black, with greenish reflections, 
which yield a red powder when broken. Soluble in water, communicat- 
ing to it a red color, even in very dilute solution. It ia a most valuable 
oxidiEtng agent; with organic matter its solution ia turned to green by 
the formation of the manganate, or deposits the brown sesquioxtde of 
manganese, according to the nature of the organic substance; in some 
instances the reaction takes place best in tlie cold, in others under the 
influence of heat; in some better in acid solutions, in others in alkaline 
solutions. Mineral reducing agents act more rapidly. Its oxidizing 
powers render its solutions valuable as disinfectants. 

Acetate — PotagsU acetaa (\j . S.) — PolassfB aceta» (Br.) — C,H,0,K — 
exists In tlie sap of plants; and it is by its calcination that the major part 
of the carbonate of wood ashes is formed. It is prepared by neutralizing 
acetic acid with carbonate or bicarbonate of potassium. 

It forms crystalline needles, deliquescent, and very soluble in 
less soluble in alcohol. Its solutions are faintly alkaline. 

C^BBon^Tsa. — JHpotOMic carbonate — Salt of tartar — I^arlaah — . 
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laMli ear&onaa (U. S.) — J^Uaaaa carboriag (Br.) — CO,K, — exiats in min- 
eral waters and in tlie animal economy. It is prepared industridly in an 
impure form, known as potash or pnarhish, from wood ashes, from tiie 
TOolaaaea of beet-sugar, and from the native Stassfiirth chloride. It is 
obtained pure by decomposing' the monopotassic salt, purified by several 
recrvBt alligations, by heat; or by calcining' a. potassium salt of an organic 
koid. Thus cream of tartar mixed with nitre and heated to redness 
yields a black mixture of carbon and potassium carbonate, called black 
fiux; on extracting which with water, a pure carbonate, known as salt 
of tartar, is left. 

It occurs as a white, granular, deliquescent powder; quite soluble in 
water; insoluble in alcohol. Its solutions are strongly alkaline. 

HydropQtaMie carbonatAi — Monopotaiuie carfionate — Bicarbonate of 
potaeaiam — Potagaii bicarhwtaa (U. S.) — Potaaeae bicarbonaa (Br.) — CO, 
KH — is obtained by dissolving the carbonate in water and saturating the 
solution with carbon dioxide. It crystallizes in oblique rhombic prisms, 
much less soluble than the carbonate. In solution it is gradually con- 
verted into the dipotassic salt when heated, when brought into a v 
n treated witl ' r^. . ■ 
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Oxalates. — Three oxalates are known: PotoiHum oxalate — Neutral 
oxaiale — C,0,K,-|- Aq., is formed when oxalic acid is saturated with potas- 
sium carbonate. It forms rhombic prisms, very soluble in water, insolu- 
ble in alcohol. Hydropotaasic oxalate — Monopotaaaie oxalate — Binoxa- 
lale ofpotaah — C,O.KU. Theaalt of aorrel, or aalt of lemon, is a mixturo 
of this salt with the quoilroxalate, G,0,nK,C,O,H,+2Aq. It is used in 
straw-bleaching and for the removal of ink-stains. It closely resembles 
Epsom salt in appearance, and has been the cause of many cases of oxalio 
acid poisoning. 

Tartrates, — Potaasic tartrate — Dipotassic tartrate — Soluble tar- 
tar — Neutral tartrate of potash — Potasaii tartraa (U. S.) — PotaaacB tartrna 
(Br.) — C,H^O,K, — is prepared by neutralizing the hydropotasaic salt 
with potassium carbonate. It forms a white, crystalline powder, very 
soluble in water, the solution being doxtrogyrous, [n]g= -1-38.48°; soluble 
in 340 parts of alcohol. Acids, even acetic, decompose its solution with 
precipitation of the monopotassic salL 

ilydropotaaaia tartrate — Monopotaaaie tartrate — Cream of tartar — 
Potasaii bitartras (U, &.)—Potassisbitartraa (Br.)— C H 0,HK. During 
the fermentation oi grape juice, as the proportion of alcohol increases, 
crystalliue crusts collect in the cask. These constitute the cntds tartar or 
argol of commerce, which is composed, in great part, of monopotassic tar- 
trate. The crude product is purified by repeated crTstalllzation from 
boiling water; digesting the purified tartar with hydrocnloHo acid at 30°; 

thing with cold water, and crystallizing from hot water. 

It crystalliEes in hard, opaque (translucent when pure), rhombic 
which have an acidulous taste, and are very sparingly soluble in 
still less soluble in alcohol. Its solution is acid, e.a<l dvbviW«,« \tt>?p.1 
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metallic oxides with formation of double tartrates. When boiled with 
antimony trioxide, it forms tartar emetic. 

It is used in the household, combined with monosodic carbonate, in 
baking, the two substances reacting upon each other to form Rochelle 
salt with liberation of carbon dioxide. 

JBaking-powdera are now largely used as substitutes for yeast in the 
manufacture of bread. Their action is based upon the decomposition of 
hydrosodic carbonate by some salt having an acid reaction, or by a weak 
acid. In addition to the bicarbonate and flour, or corn-starch (added to 
render the bulk convenient to handle and to diminish the rapidity of the 
reaction), they contain cream of tartar, tartaric acid, alum, hydrochloric 
acid, or acid phosphates. Sometimes ammonium sesquicarbonate is used, 
in whole or in part, in place of sodium carbonate. 

The reactions by which the carbon dioxide is liberated are the fol- 
lowing: 

1. C,H,0,HK + CO,NaH = C,H,O.NaK -I- H.O + CO,. 



Hydropotuiio 
tartrate. 



Hydioaodio 
caxtxniate 



Sodinm pntaniam 
tartrate. 



Water. 



Caxtxni 
dioxide. 



2. C,H,0,H, + 2CO,NaH = C.H,O.Na, + 2H,0 + 2C0, 

Tartaric add. Hydroeodio Disodio tartrate. Water. 



Hydroeodio 
carbonate. 



Carbon 
dioxide. 



3. (S0,),A1„S0.K. + 6C0,NaH = SO,K, + 3S0,Na, + Al.H.O, + 6C0^ 

Alnminimn Hydroeodio Potaasio Sodic AlnmiBlnm Carbon 



Alnminimn 
potaeaiiun alum. 



Hydroeodio 
oturbonate. 



Sodic 
■olphate. 



hydratei dioxide. 



4. (SOJ.Al. + eCO.NaH = 



▲lamininm 
sulphate. 



Hydroaodio 
carbonate. 



3S0,Na, + Al,H.O, + 6C0,. 

Sodic Alnminlom 

•olphate. hydrate. 



Carbon 
dioxide. 



5. HCl + CO.NaH = NaCl + H.O + CO,. 



Hydroohlcrio Hydroeodio 
acid. carbonate. 



Sodium 
ohloride. 



Water. 



Carbon 
dioxide. 



6. PO.NaH, + CO.NaH = PO,Na,H + H.O + CO.. 



Moooeodio 
phosphate. 



Hydroeodio 
carbonate. 



DiMdio. 
irtioephate. 



Water. 



Carbon 
dioxide. 



7. 2(S0,).A1, 

Ahuniaiam 
flolplMte. 



+ 3[2(CO.[NHJ,)CO.] 

Ammoninm 
seequicarbonate. 



+ 6H,0 

Watar. 



6S0.(NH,X + 

Ammoninm 
snlphate. 



2A1,H.0. + 900.. 



Alnminimn 
hydrate. 



Carbon 
dioxide. 



No. 1 is the reaction which takes place when cream of tartar and soda, 
or a baking-powder composed of those substances, are used in baking. 
The solid product of the reaction is Rochelle salt. No. 2 is that which 
occurs between tartaric acid and soda, and is but seldom utilized. No. 3 
is that between burnt potassium alum and soda. It is not utilized at 
present, a^the ammonium alum is more economical. No. 4 is that which 
occurs in alum baking-powders, the burnt ammonia alum being prac* 
tically aluminium sulphate. The solid residues of the reaction are sodio 
sulphate and aluminium hydrate. No. 5 is a reaction very little used, 
owing to the inconyenience of handling a liquid, to the too rapid action 
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ot the Bubfttanoes upon each other, and to the danger of introducing 
arsenic wiih the acid. No. G ia used to a certain extent, and has the ad* 
vantage that the solid residue of tho reaction is a normal coustitueut o( 
the body. No. 7 is occasionftUj^ utilized as an adjunct to No. 3. 

In our opinion, while yeast is to be preferred to any baking-ponder, 
an alum-powder is in no way more liable to produce disturbances of 
digestion than one compounded of cream of tartar and soda. Referring i 
to Equation 4, above, and taking the amount of powder generally used, | 
35 grains per pound of bread, it will be seen that that amount of powder, 
containing 9.36 grains of aluminium sulphate, when neutralized during 
baking, produces 11.5 grains of Glauber's salt, i.2i grains of aluminium 
bydrate, and ".VZ grains of carbon dioxide. On the other hand, a cream 
of tartar powder to produce, acoordiiig to reaction above, tho same quan- 
tity, 7.12 grains, of carbon dioxide, forms at tbc same time 33.9S grains of 
Rochelle salt. Assuming that one to two pounds is the average amount of 
bread consumed by an adult in iwenty-four hours, there can be but little 
choice between taking on the one band 4.24 — 8.48 grains of alumina and 
11.5—23.0 grains of Glauber's salt; and on the other band, 33.98—67.06 
grains of Uochelle salt. Indeed, there is more danger to he apprehended 
from the tendency of repeated small doses of Rochelle salt to render the 
urine alkaline and thus favor the formation of phosphatio calculi, tban 
from any supposed deleterious action of alumina, whose local action, even 
in considerable doses, is that of a very mild astringent, atid whoso ab- 
sorption is very doubtful. 

Hodium potassium tartrate — RochflU salt — Sri de teigtteUe — PoCaMii et 
noflii tartras (U. S.)—Soda tartaratn (Br.)— <J,lI,0,NaK-f 4Aq.— ia pre- 
pared by saturating hydropotassic tartrate with sodium carbonate. It 
crystallizes in large, transparent prisms, which effloresce superficially in 
dry air and attract moisture in damp air. It fuses at 70 — 80°, and loses 
3 Aq. at 100°. It is soluble in water, the solutions being dextrogyroui, 
[«].= + 29.G7°. 

J'otOMtum antimoHj/l tartrate — Tartaraied antimony — Tartar emetio — 
Antimonii et potOMti tartras (U. S.) — Antimonium tartaratuni — (Br.) — 
C,H,0,K(SbO)' — is prepared by boiling a mixture of 3 parts antimony tri- 
oxide and 4 parts hydropotassic tartrate in water for an hour, filtering, 
and allowing to crystallize; w4i«n required pure, it must be made from 
pure materials. 

It crystallizes in transparent, right rhombic octobedra, which turn 
white in air. It dissolves in 19 parts of water at 8,7°, and in 3.8° parts at 
100°. Its solutions are acid in reaction, have a nauseating, metallic 
taste, are Iievogyrous, [«]„— +15(3.2'', and are precipitated by alcohol. 
The crystals contain ^ Aq., which they lose entirely at 100°, and partially 
by exposure to air. It is decomposed by the alkalies, alkaline earths, 
and alkaline carbonates, with precipitation of antimony trioxide. The 

?irecipitate ia redissolved by excess of soda or potash, or by tartaric acid, 
lydrochlono, sulphuric, and nitrie acids precipitate corresponding anti- 
monyl compounds from solutions of tartar emetic. It converts merourio 
into mercurouB chloride. It forma double tartrates with the tartrates of 
the alkaloids. 

Ctanidb, CNK or KCy — is usually obtained from the ferrocyanido. 
Tho dried salt is mixed with dry potassium carbonate; tho mixture is 
thrown into a red-hot iron crucible, and heated as long as c ~ 
continues; tho fused mass is then decanted from the precipitated i 
and allowed to solidify. 
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It is usually met with in dull, white, amorphous masses; odorless 
when dry, it has the odor of hydrooyanio acid when moist. It is deli- 
quescent, and very soluble in water; almost insoluble in alcohol. Its solu- 
tion is acrid, and bitter in taste, with an after-taste of hydrocyanic acid. 
It IS very readily oxidized to the cyauate, a property which renders it 
valuable as a reducing agent. Solutions of potassium cyanide dissolve 
iodine, silver chloride, the cyanides of silver and gold, and many metallic 
oxides. 

It is actively poisonous, and produces its effects by decomposition and 
liberation of hydrocyanic acid (q. v.). 

Ferbocyanidb — Yelloto prussicUe of potash — PotasHiferrocyanidum 
(U. ^,)—Pota88(B prussiaa flava (Br.)— [Fe(CN),lK^+3Aq. This salt, 
the source of the other cyanogen compounds, is manufactured by adding 
organic matter (blood, bones, hoofs, leather, etc.) and iron to potassium 
carbonate in fusion ; or by other processes in which the nitrogen is ob- 
tained from the residues of the purification of coal-gas, from atmospheric 
air, or from ammoniacal compounds. 

It forms soft, flexible, lemon-yellow crystals, permanent in air at 
ordinary temperatures. They begin to lose water at 60^, and become 
anhydrous at 100^. Soluble in 2 parts of boiling water, and in 4 parts of 
cold water; insoluble in alcohol, which precipitates it from its aqueous 
solution. When calcined with potassium hydrate or carbonate, potas- 
sium cyanide and cyanate are formed, and iron is precipitated. Heated 
with dilute sulphuric acid, it yields an insoluble, white or blue salt, potas- 
sium sulphate, and hydrocyanic acid. Its solutions form with those of 
many of the metallic salts, insoluble fer roc van ides; those of zinc, lead 
and silver are white, cupric ferrocyanide is mahogany-colored, ferrous fer- 
rocyanide is bluish white, ferric ferrocyanide (Prussian blue), is dark 
blue. Blue ink is a solution of Prussian blue in a solution of oxalic acid. 

Ferricyanide — Red prussicUe of potash — Fe,(CN)„K, — is prepared 
by acting upon the ferrocyanide with chlorine; or, better, by heating the 
white residue of the action of sulphuric acid upon potassium ferrocyanide, 
in the preparation of hydrocyanic acid, with a mixture of 1 volume of 
nitric acid and 20 volumes of water; the blue product is digested with 
water and potassium ferrocyanide, the solution filtered and evaporated. 

It forms red, oblique, rhombic prisms, almost insoluble in alcohol. 
With solutions of ferrous salts it gives a dark blue precipitate, Turn- 
huWs blue, 

Analytioal characters. — Platinic c?iIoride in the presence of hy- 
drochloric acid, yellow precipitate, crystalline if formed slowly; sparingly 
soluble in water, much less in alcohol. Tartaric acid in not too dilute 
solution, white precipitate, soluble in alkalies and concentrated acids. 
ffydrofluosilicic acid, translucent, gelatinous precipitate; forms slowly, 
soluble in potash and in strong alkalies. Perchloric acid, white precipi- 
tate, sparingly soluble in water; insoluble in alcohol. Phosphomolybdic 
acid, white precipitate; forms slowly. Colors the flame of the Bunsen 
burner violet (the color is only observable in the presence of sodium 
through blue glass), and exhibits two bright lines, one in the red, one in 
the violet: A=7G80 and 4045. 

Action of the sodixun and potassliun oompoundfl upon the 
economy, — The hydrates of sodium and of potassium, and in a less de- 
gree the carbonates, disintegrate animal tissues, dead or living, with 
which they come in contact, and, by virtue of this action, act as power- 
ful caustics upon a living tissue. Upon the skin they produce a soapy 



feeling and in the mouth a soapy taste. Like the acids, they cause death 
«liately, by oorrosion or perforatiou of the stomach; 
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Although silver is usually classed with the "noble metals," it differs 
from gold aiid platinum widely in its chemical characters, in which It 
olosely resembles the alkaiine metals. 

When pure silver is required, coin silver is dissolved in nitrio acid and 
the diluted solution precipitated with hydrochloric acid. The silver 
chloride is washed until the washings no longer precipitate with silver 
nitrate; and reduced either: 1st, by suspending it in dilute sulphurio 
acid in a pUtinum basin, with a bar of pure zinc, and washing thoroughly 
after comnlete reduction; or, 2d, by mixing it with chalk and charcoal 
(AgCl, 100 parts, C, 6 parts, Co.Ca, 70 parts) and gradually introduc- 
ing the mixture into a red-hot crucible. 

Silver is a white metal; sp. gr. 10.47—10.54; fusible at 1000°; v. 
malleable and ductile; the best known conductor of heat and electricity. 
It IB not acted on by pure air, but is blackened in air containing a tract 
of hydrogen sulphide. Chlorine, bromine, iodine, sulphur, selenium, phos 
phorus, and arsenic combine with it directly. Hot sulphurio acid dis 
solves it as sulphate, and nitric acid as nitrate. The caustic alkalies d< 
not affect it. It alloys readily with many metals; its alloy with copper 
is harder than the pure metal. 

Oxides. — Three oxides of silver are known: Ag,0, Ag^O, and Ag,0^ 

Silver monuxidB — Protoxide — Arffenti oxtdum (U. S., Br.) — Ag,r) 
— formed by precipitating a solution of silver nitrate with potash. It ia 
a brownish powder; faintly alkaline and very slightly soluble in watdr; 
■trongly basic. It readily gives up its oxygen. On contact with ammo- 
nium hydrate it forms a fulminating powder. 

Chloride, AgCl — formed when hydrochlorio acid or a chloride 
added to a solution containing silver. It is white; turns violet and biat 
in sunlight; volatilizes at 260'; sparingly soluble in hydrochloric acid; 
soluble in solutions of the alkaline chlorides, hyposulphites, and cyanides, 
and in amnionium hydrate. 

Bromide, AgBr, and Iodide, Agl — are yellowish precipitates, formea 
by decomposing silver nitrate with potassium bromide and iodide. 
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Salts. — Nitrate — ArgerUi nitrcu (U. S., Br.) — NO.Ag — is prepared 
by dissolving silver in nitric acid, evaporating, fusing, and recrystallizing. 
It crystallizes in anhydrous, right rhombic plates; soluble in one part of 
cold water, in 0.5 part of boiling water. The solutions are colorless and 
neutral. In the presence of organic matter it turns black. The fused 
salt, cast into cylindrical moulds, furnishes the Argenti nitraafusa (U. S.), 
lapis infemcUiSy or lunar caustic of pharmacy. If, during fusion, the tem- 
perature be raised too high, it is first decomposed into nitrite, oxygen, 
and silver, and, finally, leaves pure silver. 

Dry chlorine and iodine decompose it with liberation of anhydrous 
nitric acid. It absorbs ammonia to form a white substance, NO,Ag, 
SNH,, which, when heated, gives up its ammonia. Its solution is decom- 
posed very slowly by pure hydrogen, with deposition of silver. 

Silver nitrate is used in photography, in the manufacture of hair- 
dyes, and of marking-ink, and in the slivering of glass. 

Cyanide — Argenti cyanidum (U. S.) — AgCN — is prepared by pass- 
ing hydrocyanic acid through a solution of silver nitrate. It is a white, 
tasteless powder; gradually turns brown on exposure to light; insoluble 
in dilute acids; soluble in ammonium hydrate, and in solutions of ammo- 
niacal salts, cyanides, and of sodium hyposulphite. The mineral acids 
decompose it with liberation of hydrocyanic acid. 

Analytical Characters. — Hydrochloric acid, white, flocculent pre- 
cipitate, insoluble in nitric acid, readily soluble in ammonium hydrate. 
JPotash or soda^ brown precipitate, insoluble in excess, soluble in ammo- 
nium hydrate. Ammonium hydratCy from neutral solutions, brown 
precipitate, soluble in excess. Hydrogen sulphide or ammonium sulphy- 
drate, black precipitate, insoluble in the last-named reagent. Ihtassium 
bromide, yellowish white precipitate, insoluble in acids, if not very 
abundant, soluble in ammonium hydrate. Potassium, iodide^ same as 
bromide, but less soluble in ammonium hydrate. 

Action on the economy. — Silver nitrate acts both locally as a cor- 
rosive, and systematically as a true poison. Its local action is due to its 
decomposition by contact with organic substances, resulting in the separa- 
tion of elementary silver, whose deposition causes a black stain, and libera- 
tion of free nitric acid, which acts as a caustic. When absorbed, it causes 
nervous symptoms, referable to its poisonous action. The blue coloration 
of the skin, observed in those to whom it is administered for some time, 
is due to the reduction of the metal under the combined influence of light 
and organic matter; especially of the latter, as the darkening is observed, 
although it is less intense, in internal organs. 

In acute poisoning by silver nitrate, sodium chloride or white of eg^ 
should be given ; and, if the case be seen before the symptoms of corrosion 
are far advanced, emetics. 



AMMONIUM COMPOUNDS. 

Ammonium (NH^) 

Although the radical ammonium has probably never been isolated, 
there can remain but little doubt that such a radical exists in combination 
in the ammoniacal compounds. The ammonium hypothesis is based upon 
the following facts: 1st, when ammonia gas comes in contact with an acid 
gas, the two unite, without liberation of hydrogen, to form an ammoni- 
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3d, when solutions of tho ammoniacal salts are subjected to electrolysis, a 
mixture having thecomiiositicin NH,-+-II is given off at the negative pole; 
4th, amalgam of sodium, in cuotact with a concentrated solution of am- 
monium chloride, increases much in volume, and is converted into a light, 
soft mass, having the lustre of mercury. This ainmoniuni amaigam is 
decomposed gradually, giving off ammonia atid hydrogen in the propor- 
tion NH,-f-II; 5th, if the gases NH, + 1I, given off by decomposition of 
the amalgam, exist there in simple solution, the liberated hydrogen 
would have the ordinary properties of tliat element; if, on the other hand, 
they exist in combination, tho hydrogen would exhibit the more energelio 
affinities of an element in the nascent state. The hydrogen so liberated 
is in the nascent state. 

Oxide and Hydrate.— Neither the oxide of ammonium (NH.) O, 
nor its hydrate, N'U,HO, has as yet been isolated, both being probably 
decomposed into ammonia and water innnediately they are liberated, 

TVie hydrale. Nil, 110 — is considered as existing in the so-called aque- 
ous solutions uf ammonia, which are clear liquids, lighter than water, 
have the taste and odor of ammonia, and are strongly alkaline in reac- 
tion. The Aipta ammoniw fortior (U, S.) is of sp. gr. 0.900, and con- 
tains 249,5 grams NH, per litre; that of the British Pharmaoopceia is of 
up. gr. 0.891,' and contains 277 grams NH, ppr litre. Tlie Aqiia am- 
tnonio! (U. S.) is of sp. gr. 0,9G0, and contains 93.1 grams NH, per litre; 
that of the British Pharmacopceia is of sp. gr. O.OoO, and contains 118.0 
grams NH, per litre. 

SlUpbides.— Ammoninm forms four sulphides (NH.VS, {NHJ.S- 
(N1I,),S„ and (NH,),S ; and a sulphydrate (NU.)US. 

The gulphyarate, NH,HS — is formed in solution, for use as a reagent 
in analysis, by saturating an aqueous solution of ammonium hydrate, pro- 
tected from air, with hydrogen sulphide. 

The sulphides of ammonium are also formed during the decomposition 
of nitrogenous organic substances, and exist in the gases discharged 
from burial-vaults, sewers, etc. 

Chloride — Muriate of ammonia — Sal-ammoninc — Ammonit ehlori- 
- -NH.CI- 

P' . 

IS a Iranslucid, fiLirous, and elastic solid, salty in lasio ami neuirai m re- 
action; voiatilixes without fusion and without decotnposition ; 100 parts 
of water dissolve 37.2S parts of the salt at 20", and 77.S4 parts at 110^ 
Its solutions are neutral, but lose ammonia and become acid when boiled. 

Ammonium chloride exists in minute quantities in the gastric juice of 
the sheep and dog. It has also been said to occur in the perspiration, 
urine, saliva, and tears, which contain some ammonium compound in 
■mall quantity, but whether it is t^e chloride or another is not detennined 
with certainty. 

Bromide — Ammonii bromidum (U. S., Br.), NH, (Br.) — is formed 
cither by combining ammonia and hydrobromio acid; or by decomposing 
ferrous bromide with aqua animonin-; or by double decompoai*'"" ^le- 
tween potassium bromide and ammonium sulphate. It is a wlui 



» (U. S., Br.)— NH.CI— is obtained from the ammoniacal wal«r 
arks, which contains ammonium carbonate 
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I \%r powder, or in large priams, which turn jollow on exposure to Ulj^^| 

r soluble in 1,39 parts of water. It volatilizes witliout decomposition. H^^l 

ooDtains 81.63 per cent, of bromine. 

Iodide — Atntnotiii iodidum (U. S,), NH.I — is formed by the union 
of equal volumes of ammonia and hydriodic acid, or by double decom- 
posilion of potassium iodide and ammonium sulphate. It cryslalliies in 
cubes; deliquescent; soluble in 0.60 parts of water. It coatsJns 87.S8 per 
cent, of iodine. 

Salts of ammonium. — Nitkatk — Ammonii nitraa (U. S.) — NO, 
(N'H,) — is prepared by neutralizing nitric acid with ammonium hydrate 
or carbonate. It forms flexible, anhydrous, six-sided prisms; soluble in 
0.5 parts of water at 18°; fuses at 15Q°> and decomposes at 210° with 
formation of nitrous oxide: N0,(Nn.) = N,O+2K,O. Ammonia and nitro- 
gen di- and tetroxides are also formed if the heat bo suddenly applied or 
allowed to rise too high. When fused it is an active oxidant. 

Si'LPHATKS. — Ammonia sulphate — Diammonic sulphate — Xieutral 
ammmiium tulphate — Ainmonii tidpkaa (U. S.}— SO,^NHj, — is manufao- 
tured from the ammoniacal gas liquids. These are distilled with milk of 
lime, and the product directed into dilute sulphuric acid; or the crude 
liquid is passed through filters charged with gypsum, when calcium car- 
bonate and ammonium sulphate are formed. It forms anhydrous rhombi 
crystals, quite soluble in water; fuses at 140°, and is decomposed at 2f" 
into ammonia and mono-ammonic sulphate. 

Hydro-amiiionie sulphate — Afono-atnmontc sulphate — Bixtdphate 
ammonia, SO,H{NH^) — is formed by the action of sulphuric ncid upon 
diammonic sulphate. It crystallizes In right rhombic prisms, soluble in 
water and in alcoliol. 

Acetate — C',H,0,(NHJ — is formed by saturating acetic acid with 
■mmonia, or with ammonium carbonate. It is white, odorless, very solu- 
ble in water and iu alcohol; fuses at 86°, and gives off ammonia, then 
acetic acid, and finally acetamide. Its aqueous solution is used in medi- 
cine under the names J.iq. ammonii acHnti* ; /Spirit of Mliiderenat. 

Cabbonates. — Amnionic carbonate— Uinmmonic carftomite — \eutral 
ammonium carbonate, CO,(NH,), + Aq. — has recently been prepared as 
a crystalline solid. When exposed to air it is decomposed into ammonia 
and the monoammonic salt. 

Hydroammonie carbonate — Monoammonic carbonate — Acid 
naCe of ammonia, CO,H(NH,) — is prepared by saturating a solui 
ammonium hydrate or sesquicarbonate with carbon dioxide. It crystt 
liies in large, rhombic prisms; soluble to the extent of 21 parts in If 
in water at iO°; at CW it is decomposed into ammonia and oarboti 

Ammonium tesguicarionate — Sal volatile — Ammonii carbonns{\5, 
— ^m»i«n MO carfitmos (Br.)— {CO,),(NH.),H, -I- Aq.— the commercial 
bonate of ammonia, prepared by heating a mixture of ammonium cfaloHt 
and chalk, and condensing the product; crystallizes in rhombic prian 
has an ammoniacal odor and an alkaline reaction; soluble to the extent 
25 parts in 100 of water at 13°. By exposure to air or by heating its sol 
tion, it is decomposed into water, ammonia, and monoammonic carbonal 
Analytical oharaoters. — The compounds of ammonium are odorli 
and entirely volatile at moderately elevated temperatures. Heated w' 
potash, they give off ammonia, recognizable, 1st, by changing moist, : 
litmus paper blue; 2d, by its odor; and, 3d, by forming white clouds 
I ooBlact with a glass rod moistened with hydrochloric acid. 
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II "^^ 



III. CALCIUM GROUP. 

Metalt of the Alkaline Earths. 

CKUnxnt, Ca, 40; Stbonthtm, Sr, 87.5; BiBiirM, Ba, 137.2. 
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Calcium IS a light yellow metal; hard, very ductile; fusible at 
heat; not sensibly volatile; sp. gr. 1.984. It is not altered in dry air, but 
is converted into the hvdrate in moint air. 

Oxides.— 6WaK//i'^TO(oitt(/e—$u»V-t-«me—(7aii; (U.S., Br.)— CaO— 
is prepared industrially by heating a natural calcium carbonate; when 
required pure, by heating a carbonate, obtained by precipitation. 

It occurs in white or grayish, amorphous masses, odorless, alkaline 
and caustic; sp. gr. 2.3; almost infusible. With water, it is converted 
into the hydrate; the union is attended with ereat elevation of tempera- 
ture, and IS known as slaking. In air, lime oeoomea air-«lnk«d, and is 
converted into a white powder, a hydrocarbonate, CO,Ca,CaH,0 . 

Calcium hydrate — Slacked lime — Calcia hydras (Br.) — Call,0, — is 
prepared by the action of water upon quick-lime. If the quantity of 
water used be one-third that of the oxide, the hydrate is formed as a 
dry, white powder, odorless, alkaline in taste and reaction. It is more 
soluble in cold than in hot water. 

Lime-vsater — Liquor calcit (U. S., Br.) — is a solution of the hydr»te 
in water. The solubility of calcium hydrate is diminished hy the alka- 
lies, and is increased by sugar and mannite. The Liq. eakui eaecharattis 
(Br.) is a solution of the hydrate, or of calcium aacoharaK--, in solution of 
cane-sugar. Jfi/i q/'^»m<f is lime-water with an eiqess of hydrate. Cal- 
cium hydrate absorbs carbon dioxide. 

Chloride— Cafcit chloridmn (U. S., Br.)— CaOl,+ftAq,— is obtained 
by dissolving marble in hydrochloric acid; is a bitter substance; deliqi 
cent and vi-ry soluble in water; when fused it loses all its Aq. and 
forms a whitu, amorphous mass; used as a dryiug a^ivi.. 
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Chloride of lime — JSleaching-powder — Calx chlorinata (U. S.)— 
CcUx chlorata (Br.) — is a mixture composed principally of calcium chlo- 
ride, CaCl,, and hypochlorite, (C10),Ca; prepared by passing chlorine 
over slaked lime maintained in excess. It is a grayish white powder, 
having a bitter, acrid taste; soluble in cold water; decomposed by boiling 
water; readily decomposed, with liberation of chlorine, by the Weakest 
acids; carbon dioxide decomposes it with formation of calcium carbonate 
and liberation of hypochlorous acid, if it be moist; or of chlorine, if it 
be dry. 

Salts. — Sulphate, SO^Ca. — The hydrated compound, S0^CaH-2Aq., 
occurs as gypsum^ in right rhombic prisms; frequently grouped in arrow- 
head shaped macles; sparingly soluble in water; more soluble in water 
containing free acid or chlorides; insoluble in alcohol. Ground gypsum 
is used in the arts under the name terra alba. At 80°, or more rapidly 
between 120° and 130°, it loses its Aq. and is converted into an opaque, 
white mass, which, when ground, \s plaster-of -Paris. 

The setting of plaster when mixed with water is caused by the con- 
version of the anhydrous into the crystalline, hydrated salt. Plaster sur- 
faces are rendered smooth, dense, and capable of taking a high polish by 
adding glue and alum, or an alkaline silicate, to the water. 

Phosphates. — Three phosphates of calcium are known: (PO^),Ca,, 
(PO H),Ca„ and (PO,H.)Xa. 

Tricalcic phosphate — TVibasic or neutral phosphate — J^one phosphate 
— Calcis phosphas prcecipitata (U. S.) — CcUcis phosphas (Br.) — (POJ 
Ca, — This salt occurs in soils, in coproliteSy in guano, in all plants, and 
in every tissue and fluid of animal bodies. It is obtained by dissolving 
bone-ash in hydrochloric acid, filtering, and precipitating with ammonium 
hydrate; or by double decomposition between calcium chloride and an 
alkaline phosphate. When freshly precipitated it is gelatinous; when 
dry, it is a light, white, amorphous powder; almost insoluble in pure 
water; soluble to a slight extent in water containing ammoniacal salts, 
or chloride or nitrate of sodium; readily soluble in dilute acids, even in 
water charged with carbon dioxide. Sulphuric acid decomposes it into 
calcium sulphate and monocalcic phosphate. Jione-ash is an impure tri- 
calcic phosphate, used in the manufacture of phosphorus and of super- 
phosphate (see below). 

IHcalcic phosphatey (PO^H),Ca,-f 2H,0 — a crystalline, insoluble salt; 
formed by double decomposition between calcium chloride and disodio 
phosphate in acid solution. 

Monocalcic phosphate — Acid calcium phosphate — Superphosphate of 
lime — (PO^HJ,Ca — exists in brain-tissue and in acid animal fluids. It is 
formed when the tricalcic salt is dissolved in an acid, and is manufactured 
for use as a manure, by decomposing bone-ash with sulphuric acid. It 
crystallizes in pearly plates; very soluble in water, the solution being 
acid. 

Physiological. — All three calcium phosphates, accompanied by the 
corresponding magnesium salts, exist in the animal economy. The tri' 
calcic salt occurs in all the solids of the body and in all fluids not having 
an acid reaction, being held in solution in the latter by the presence of 
chlorides. In the fluids it is present in very small quantity, except in the 
milk, in which it is comparatively abundant; 2.5 to 3.95 parts per 1,000 in 
human milk, and 1.8 to 3.87 parts per 1,000 in cow's milk; constituting 
about 70 per cent, of the ash. The bones contain about 35 parts of 
organic tn&tter, oombined with 65 parts of mineral material. The average 



composition of human bone-aali is trioalcio phosphate, 83.S9; calcium car- 
Lotiale, 13.03; calcium oombined with chlorine, lluorine, and orgaiiio 
acids, 0.35; tluonne, 0.23; chlorine, 0.18. Tiie average quantity of iri- 
calcic phosphate in male adult bones is 57 per cent.; that of calcium car- 
bonate, 10 per cent.; and that of trimagnesic phosphate, 1.3 per cent. In 
patholugioal conditions the composition of bone Is moditied as shown in 
the following table: 
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The 2eefA consist largely of tricalcic ph< 
the enamel of the inoUrs in man, 89.83 pe 
dentine, 66.73 per cent. 

From the urine, trioaloio phosphate is freqi 
the form of an amorphous, granular sediment, c 
salt oooura occasionally in urinary Bediments 
shaped crystals arranged in rosettes, and alst 
monocalcic salt is always present in acjd wri 
corresponding magnesium salt, the earthy pho»phates. 
tiou of phospliorio acid by the urine is about 2.75 grai 
hours, of which two-thirds is i 
third in the phosphates of cali 



ntly deposited, either in 
as calculi. The dmilde 
in the form of needle- 
in urinary calculi. Tha 
constituting, with tha 
"" 3tal elimina- 
^ twenty- four 

bination with alkaline metals, and ono- 
gnesium. The hourly e" 



1 follows about the same variation as that of the chlorides. The total 
elimination is greater with animal than with vegetable food; is diminished 
during pregnancy; and is above the normal during excessive mental work, 
Tha elimination of earthy phosphates is greatly increased in osteomala- 
cia, often so far that they are in excess of the alkaline phosphates. 

So long as the urine is iidd, it contains the soluble acid phosphates; 
ivhen the reaction becomes alkaline, or even on loss of carbon dioxide bv 
exposure to air, the acid phosphate is converted into the insoluble trical- 
cic phosphate. Alkaline urines are for this reason almost always turbid, 
and become clear on the addition of acid. It is iu such urine that phos- 
phatio calculi are invariably formed, usually about a nucleus of uric aoid 
or of a foreign body. If the alkalinity be due to the formation of 
nia, the trimagnesie phosphate is not formed, but ammonio-magi 
phosphate [q. o.). 

A process for determining the quantity of phQSi;ihB.t.«« 
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based upon the formation of the insoluble uranium phosphate, and upon 
tlie production of a brown color when a solution of a uranium salt is 
broug'ht in contact with a solution of potassium ferrocyanide. Four so- 
lutions are required: 1st, a standard solution of disodic phosphate/ 
made by dissolving 10.085 grams of crystallized, non-effloresced disodio 
phosphate in water, and diluting to a litre; 2d, an acid solution of 
sodium acetatey made by dissolving 100 grams sodium acetate in water, 
adding 100 c.c. glacial acetic acid, and diluting with water to a litre; 
3d, a strong solution of potassium ferrocyanide; 4th, a standard so- 
lution of uranium acetate^ made by dissolving 20.3 grams of yellow ura- 
nic oxide in glacial acetic acid, and diluting with water to nearly a litre. 
Solution 1 serves to determine the true strength of this solution, 
as follows: 50 c.c. of Solution 1 are placed in a beaker, 5 c.c. of Solu- 
tion 2 are added, the mixture heated on a water-bath, and the uranium 
solution gradually added from a burette until a drop from the beaker 
produces a brown color when brought in contact with a drop of the fer- 
rocyanide solution. At this point the reading of the burette, which indi- 
cates the number of c.c. of the uranium solution, corresponding to 
0.1 — PjO^, is taken. A quantity of water, determined by calculation 
from the result thus obtained, is then added to the remaining uranium 
solution, such as to render each cubic centimetre equivalent to 0.005 
gram phosphoric anhydride. 

To determine the total phosphates in a urine: 50 c.c. are placed in 
a beaker, 5 c.c. sodium acetate solution are added; the mixture is 
heated on the water-bath, and the uranium solution delivered from a 
burette until a drop, removed from the beaker and brought in contact 
with a drop of ferrocyanide solution, produces a brown tinge. The bu- 
rette reading, multiplied by 0.005, gives the amount of phosphoric anhy- 
dride in 50 c.c. urine; and this, multiplied by -^ the amount of urine 
passed in 24 hours, gives the daily elimination. 

To determine the earthy phosphateSy a sample of 100 c.c. urine is ren- 
dered alkaline with ammonia and set aside for 12 hours; the precipitate 
is then collected upon a filter, washed with ammoniacal water, brought 
into a beaker, dissolved in a small quantity of acetic acid; the solution 
diluted to 50 c.c. with water, treated with 5 c.c. sodium acetate solution, 
and the amount of phosphoric anhydride determined as above. 

Carbonates. — Calcium carbonate — Calcis carhonas prascipitata 
(U. S., Br.) — COjCa — the most abundant of the natural compounds of 
calcium, exists as limestone^ calk spar, chalky marbhy Iceland spary and 
arragofiitCy and forms the mineral basis of the corals, shells of Crustacea, 
and of molluscs, etc. 

The precipitated chalky Calcii oarhonaa prascipitata (U. S., Br.), is pre- 
pared by precipitating a solution of calcium chloride with one of sodium 
carbonate. Prepared chatky Creta praeparata (U. S., Br.), is native 
chalk, purified by grinding with water, diluting, allowing the coarser 
particles to subside, decanting the still turbid liquid, collecting, and dry* 
ing the finer particles; a process known as ehUriation, 

It is a white powder, almost insoluble in pure water; much more sol- 
uble in water containing carbonic acid, the solution bein^ regarded as 
containing hydrocaldc carbonate (COJjHjCa, At a red neat it yields 
carbon dioxide and calcic oxide. It is decomposed by acids with liber* 
ation of carbon dioxide. 

Physiological. — Calcium carbonate is much more abundant in the 
lower than in the higher forms of animal life. It occurs in the egg-shells 



BAniUK. 

of binls, in the bones and tpoth of all animals; in solution in the saliva 

and urine of the herbivora, and deposited in the erystalliii 

Utht, in the internal ear of man. It is deposited pathologically in calcili- 

cations, in parotid calculi, and occasionally in liuman urinary calculi and 

EcdimentS- 

OxALXTE — Oxalate of lime — C,OC a— exists in the sap of many 
plants, and is formed as a white, crystalline precipitate by double docom- 
]>osition between a calcium salt and an alkaline oxalate. It is insoluble 
in water, aeetic acid, or ammonium hvdrate; soluble la tbe mineral acids 
and in solution of acid sodium pbospliate. 

Phii»iohgicui. — Calcium oxalate is taker 
food, and is formed in the economy, where i 
connected with that of urio acid. 

It occurs in the urine, in which it is increased in quantity ^en large 
amounts of vegetable food are taken, wlien sparkling wines or beers are 



I into the body in vegetable 
B production is intimately 



indukn 



the form of t 



when the carbonates of the alkalies, lime-water, t 
administered. It is deposited as a urinary sediment in 
lall, brilliant octohedra, havin? the appearance of the 
felopes, or in dumb-bells. It is usually deposited 
impanied by crystals of urio acid. Sometimes, 
lea undergoing alkaline fermentation, in which 
case it is accompanied by crystals of amnionio-magnesian phosphate. 

The renal or vesical calculi of calcium oxalate, Icnown as mulberry cat- 
ciili, are dark brown or gray, very bard, occasionally smooth, generally 
tuberculatcd, soluble in hydrochloric acid without effervescence; and 
when ignited, they blacken, turn white, and leave an alkaline residue. 

ADalytloal charaotera. — Ammonium nutp/ti/drate nothing, unleu 
the calcium salt be the phosphate, oxalate, or fluoride in aoid solution, 
wheu it forms a white precipitate. Alkaline carbonates, white preoipi- 
tate, not prevented by the prosenoe of ammoniaeal salts. Ammonium 
oxalate, white precipitate, insoluble in acetic aoid; soluble in hydro- 
chloriu or nitric acid. Sulphuric acid, white precipitate, from solutions 
which are not too dilute; very sparingly soluble in water, insoluble in al- 
cohol; soluble in sodium hyposulphite solution. iSodium tunffstaU, 
dense white precipitate, even from dilute solutions. Colors tha flame of 
the Bunseu burner reddish yellow. 



Ba.. 



.137.2 



fc^ The clement itself is not of interest. 

Oxides. — Babiuu Mosoxihe — Jiaryta — BaO — is prepared, by calcin- 
inf^ the nitrate, as a grayish white caustic earth. It unites readily with 
water to form a hydrate, BaH,0„ whose aqueous solution is btiri/la water. 

Chloride— Barti chhridum (U. S.)— BaCl,-(-2 Aq.— is obtained by 
treating the native sulphide, or carbonate, with hydrochloric 
forms crystalline plates, permanent in air, soluble in water. 

Analytical onaraotera. — Alkaline carbonates, white precipitate in 
alkaline solution. Suljihnria acid, or calcium aulphute, white procipi- 
tale, insoluble in acids. Sodium pho»ph<Ue, white precipitate, soluble in 
nitric acid. Colors the Bunsen flame greenish yellow. 

AoUon on the eoonomy. — Tbe oxides and hydntA *«>. i 
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gives by virtue of their alkalinity, and also as true poisons. All soluble 
compounds of barium, and those which are readily converted into soluble 
compounds in the stomach, are actively poisonous. Soluble sulphates, 
followed by emetics, are indicated as antidotes. 



IV. MAGNESIUM GROUP. 

Magnssixtk, Mg, 24; Zinc, Zn, 65.2; Cadmium, Cd, 112. 

Each of these elements forms a sincrle oxide — a corresponding basic 
hydrate, and a series of salts in which its atoms are divalent. 



MAGNESIUM. 
Mg 24 

Is prepared by heating its chloride with sodium. It is a white metal; 
sp. gr. 1.75; fuses at 1000°; burns with great brilliancy in air; decom- 
poses vapor of water when heated; reduces carbon dioxide with the aid 
of heat; combines directly with chlorine, sulphur, phosphorus, arsenic, 
and nitrogen; dissolves in dilute acids, but is not affected by alkaline 
solutions. 

Oxide — Calcined mcignesia — Magnesia (U. S., Br.) — MgO — is ob- 
tained by calcining the carbonate, hydrate, or nitrate. Is a light, bulky, 
white powder, odorless, and tasteless; has an alkaline reaction; almost in- 
soluble in water; dissolves readily in dilute acids without effervescence. 

Hydrate — Hydrated magnesia — MgH,0, — is formed when a solution 
of a magnesium salt is precipitated with sodium hydrate in excess, in the 
absence of ammoniacal salts. It exists in mixtures holding it in suspen* 
sion in water {milk qfmagnesia)^ used as antidotes to the effects of acid 
corrosives. 

Chloride^ MgCl, — is obtained by dissolving the carbonate in hydro- 
chloric acid. It is one of the most deliquescent substances known, and 
imperfectly purified table-salt containing it, along with calcium chloride, 
becomes damp on exposure to air. 

Salts. — Sulphate — JE^om salt — Sedlitz salt — Magnesii sulphas (U. 
S.) — Magnesias stUphas (Br.) — SO^Mg4-7Aq. — exists in solution in sea- 
water and in the waters of many mineral springs, especially in those belong- 
ing to the class of bitter waters. It is obtained artificially by the action of 
sulphuric acid upon magnesium carbonate. It crystallizes in rhombic 
needles; fuses and gradually loses water of crystallization up to 132% 
when it retains 1 Aq., which is driven off at 210^ It dissolves in 0.8 
parts of water at 19*^. 

Phosphates. — These phosphates resemble those of calcium in their 
constitution and properties, and accompany them in the situations in 
which they occur in the animal body, but in much smaller quantity. 

Magnesium also forms double phosphates, constituted by the substitu- 
tion of one atom of the divalent metal for two of the atoms of basic hy- 
drogen, of a molecule of phosphoric acid and of an atom of an alkaline 
metal, or of an ammomum groupi for the remaining baiio hydrogen. 
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One of these compounds is ammonio-magnesian phosphate ; triple phoa- 
phaie, PO,Mg(NHj + (iAq. — which is forrauci when excess of »n alkBliiie 
phosphate and of ammonia are added to a solution containing tnagnesiiim. 

In the urine, alkaline phoaphatea and magnesium salts are always 
present, and consequently when, by decomposition of urea, the urine bo- 
comes alkaline, the conditions for the formation of this compound are 
fulliiled; and being practically insoluble, especially in tho presence of 
excess of phosphates and of ammonia, it is deposited in crystals, usually 
tabular, sometimes feathery and stellate in form. When it is formed in 
the bladder, in tho presence of some body lo serve as a nucleus, the 
crystal ligation takes place upon tho nucleus and ^ fttsibU ciUculia is 
produced. 

SiLiCATKH constitute a number of importaat minerals: talc, ateatiUor 
toapalotm, asbtato», and tneerachaum. 

Carbonates. — Magnesium carbonate — Neutral carbonate — CO Mg^ — 
exists ill magneeite, and, combined with calcium carbonate, iu dolomite 
It cannot be formed, Hke most other carbonates, by decomposing a 
magnesium salt with an alkaline carbonate, but may be produced by 
passing carbon dioxide through water holding tetramagnesic tricarbonate 
III suspension. IVimar/neaio dicarbonate, 2{CO,Mg),MgH,0,+2U,0 — is 
formed in small crystals when a solution of magnesium sulphate is pre* 
oipitated with excess of sodium carbonate and the mixture boiled. Telra- 
magneaic tricarbonate — Magnesia alba — Magnesii carboitaa (U, S.) — 
Ifaffttesice carbonaa (Br.)— 3(C0,Hg),Mgn,O,+3H,0 — occurs in com- 
merce in the form of light, wbite cubes, composed of a powder which is 
amorphous or partly crystalline. It is prepared by procipilating a solu- 
tion of magnesium sulphate with one of sodium carbonate; if the pre- 
cipitation oooar in cold dilute solutions {^Magneniie carbonaa lt£oia, Br.), 
very little carbon dioxide ia given off; a light, bulky precipitate fulls, and 
the solution contains magnesium, probably in the form of the bicarbonate 
(CO,) lI,Mg. ; this solution, on standing, deposits crystals of the carbo- 
Dale, CO,Mg+3Aq. If hot concentrated solutions be used and the liquid 
then boiled upon the precipitate, carbon dioxide is given oS, and a denser, 
heavier precipitate is formed, which varies in composition according to 
the length of time during which the boiling is continued, and to the pres- 
ence or absence of excess of sodium carbonate. The phiirmacentical pro- 
duet is intended to have the composition given above; it fre(|uentlv con- 
tain. 4(CO,Mg),MgII,0,+4U,0, or even 2(C0,Mg),MgII,0,-f ail,0. 
All of these compounds are very sparingly soluble in water, but nmoh 
more soluble in water containing ammoniacal salts. 

Analytical oharacrters. — Ammonium hgdrate, voluminous white 
precipitate from neutral solutions. J'otasaium or aodium hydrate, volu- 
minous white precipitate from warm solutions; prevented by the pres- 
ence of ammonium salts and of certain organic substances. Ammonium 
carbona/e, slight precipitate from hot solutions; prevented by the prea- 
•nce of ammoniacal salts. Sodium or poCaaaium carbonate, white pr«- 
eipitate, best from hot solution; prevented by the presence of arnmooi- 
aoal compounds. Diaodic phoajmate, white precipitate in hot, not loo 
dilute solutions. Oxalic acid, notliing alone, but in the presence of am- 
monium hydrate a wbite precipitate; not formed in the pres«noo of tbs 
salts or chloride of ammouium. 
27 
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Ib & bluiah white metal ; either crystalline, granular, or flbrotis. 
Pure sine is quite malleable and ductile; the commercial is usually brit- 
tl«; at 130°— 150° it ia pliable; at 200°— 210° it again becomes brittle; 
it fuses at 415°, and distils at lOiU"; sp. gr. 6.8i>2 if cast, 7.215 if rolled; 
at dOO° it burns with a greenish flame and gives off snowy flakes of the 
oxide {lana philosophica, potnpholix). In moist air it becomes coated 
with a hydrocarbon ate. Pure sulphurio acid, SO,H„ is not affected by 
pure zinc in the cold; the commercial metal dissolves in the diluted acid 
with evolution of hydrogen; the action is more rapid in the presence of 
copper or platinum, less so in that of mercury. It also decomposes nitric, 
hydrochloric, and acetic acids. 

When required in toxicological analysis, it must be free from arsenic, 
and, in some instances, from phosphorus. It is belter to test samples 
until a pure one is found, than to attempt the puriticatiou of a contami- 
nated metal. 

Oxide — Zinci ox'idum (U. S., Br.) — ZnO — is prepared either by cal- 
oinitig the precipitated carbonate, or by burning the metal in a current 
of air. An impure oxide, known as tutty, is deposited in the flues of 
sine furnaces and in those in which brass is fused. When obtained by 
calcination of the carbonate, it forms a soft, white, tasteless, and odorless 
powder; when produced by burning the metal, it occurs in light, volumi- 
nous, while masses. It is neither fusible, volatile, nor decomposable br 
heat, and is completely insoluble in neutral solvents. It dissolves in dila( 
acids, with formation of the corresponding salts. 

It is used in the arts as a while pigment in place of lead oarbunat 
and is not darkened by hydrogen sulphide. 

Zinc hydrate, ZnH,0 — cannot be obtained by union of the oxidft 
with water, but is formed when a solution of a ztnc salt is precipitated 
by potash. It is, when freshly precipitated, very soluble iu alkalies and 
in solutions of auimoniacal salts. 

CbloriAe—BiUUrofziiic—Zijieichloridtim {U. S., Br.)— ZnCl, + Aq. 
— is obtained by dissolving zinc in hydrochloric acid. It forms a soft, 
white mass; very deliquescent, fusible, and volatile; extremely soluble in 
water, freely soluble in alcohol; its solution has a burning, inetallio 
taste, destroys vegetable tissues, dissolves silk, and exerts a strong, dehy- 
drating action upon organic substances in general. 

In dilute solution it is used as a disinfectant (BttrneU'i Jluid), aa », 
preservative of wood, and as an embalming injection. 

Salts. — Sulphate — White vitriol— Zinci gulphaa (U. S., Br.)- 
Zn+nH,0 — is formed when zinc, or its oxide, sulphide, or oarbonatfl _ 
dissolved in dilute sulphuric acid. It crystallizes below 30°, with 7Aq. 
at 30°, with 6 Aq.; between 40° and 50% with 5 Aq.j at 0° from a con 
centrated, acid solution, with 4 Aq.; with 3 Aq., as a crystalline powdei 
deposited from a boiling solution hy the addition of concentrated sul- 
phuric acid; with 1 Aq. from a saturated solution at 100°; finally, anhy- 
drous, by heating the preceding to 238°. 

The salt usually met with is that with 7 Aq., which is very soluble in 
wster; insoluble in absolute alcohol, sparingly soluble in weak alcohol 
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Itfl solutions have a strong, styptic tasle; coagulate albumin when added 
in tnodcmto quantity, the coagulum dissolving in an excess, and form 
insoluble precipitates witb the tannins, 

AnalytioaJ oharactera. — Hydrate of poUisnium, sodium, or ammo- 
nium — white precipitate, soluble in excess, /'otiuaium, or sodium cta^ 
bonate, white precipitate in the absence of ammoniacal salts. Hydrogen 
nUpkide, in neutral solution, white precipitate; in presence of an excess 
of a mineral acid, this precipitation la prevented unless sodium acetate U 
also present. Ammonium aulphydrati, white precipitate, iusoJuhle ia 
excess, in potassium or ammonium hydrate, or in aoetio acid; soluble is 
dilute mineral acids. Ammonium, carbonate, whits precipitate, aolubls 
in excess. J) Uodic phosphate, in the absence of ammoniacal salts, whita 
precipitate, soluble in acids or alkalies. I'otaaaium /errocyanide, wbita 
precipitate, insoluble in hydrochlorio acid. 

Action on the economy. — All the compounds of zinc which are 
soluble in the digestive fluids behave as true poisons; and solutions of the 
chloride (in common use by tinsmiths, and in disinfecting fluids) have also 
well-marked corrosive properties. When zinc compounds are taken, it 
is almost invariably by mistake for other substances: the sulphate for 
Epsom salt, and solutions of the chloride for various liquids, gin, fluid 
magnesia, vinegar, etc. 

Metallic lino is dissolved by solutions containing sodium chloride, or 
organic acids, for which reason articles of food kept in vessels of galvao- 
izcd iron become contaminated with sine compounds, and, if eaten, pro- 
duce, more or less intense symptoms of intoxication. For the same rea- 
son materials intended for analysis, in cases of supposed poiaoning, should 
never be packed iu jars closed by ziao caps. 



NICKKL GROUP. 



NiCKBL, Ni, 59; Cobalt, Co, 59. 



These two elements boar a certain resemblance to those of the i 
group; from which they differ in forming, ao far as known, no compounds 
similar to the ferrates, chromatcs, and nianganates. They form cam> 
pounds corresponding to the sesquioxide of iron, but the salts correspond- 
ing to the ferric series are wanting, or exceedingly unstable if they exist. 

Analytical characters. — Nickri. — Ammonium ntlphydrtUe, blaok 
precipitate, insoluble in excess. Potassium, or sodium ht/dratt, apple- 
green precipitate in the absence of tartaric aoid; insoluble in exces*. 
Ammonium hydrrUs, apple-green precipitate, soluble in excess; this solo* 
tion ia violet and deposits the hydrate when heated with potash. 

CouALT. — Ammonium sulphydraU, brown-black precipitate, insoluble 
in esoesa. Poliuh, blue precipitate, turns rud slowly in the cold; aulcklj 
if heated; not formed in the ould in the presence of animoniaoal aalta. 
Ammonium hydr<tU, blue precipitate; turus red in the absence of air, 
green in its presence. 
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VI. COPPER GROUP. 
CoppEBy Gu, 63.5; Mkbcuby, Hg^ 200. 
Each of these elements forms two series of compounds; one of which 
contains the divalent group! J > I" or (Hg,)'' and is designated by the 



termination ous ^ the other contains the single, divalent atoms, and is 
designated by the termination ic. 



COPPER 
Oaprum Cu 63.6 

A yellowish red metal, dark brown when finely divided; sp. gr. 8.914 

1.952; very malleable, ductile, and tenacious; a good conductor of 
heat and of electricity. It is unaltered in dry air; in damp air it is coated 
with a green basic carbonate; heated to redness in air, it is oxidized. Hot 
sulphuric acid dissolves it with liberation of sulphur dioxide; nitric acid, 
with liberation of nitrogen dioxide; and hot hydrochloric acid, with libera- 
tion of hydrogen. Weak acids form soluble salts with it in presence of 
air and moisture. Ammonium hydrate is colored blue by contact of air 
and copper. 

Oxides. — Cuprous oxivk^- Suboxide or black oxide — (Cu,)0 — is 
formed as a red or yellow powder, by calcining a mixture of cuprous chlo- 
ride and sodium carbonate. 

A yellow hydrate is precipitated when cupric salts are decomposed by 
boiling with glucose (Fehling's and Trommer's tests). It loses its water 
of hydration at 360*". 

Cupric oxide — Binoxide — Slack oxide — CuO — is prepared by heat- 
ing copper to dull redness in a current of air, or by calcining its nitrate. 
It is also formed by the precipitation of a boiling solution of a cupric 
salt by potash, and prolonged boiling of the liquid on the precipitate. 

It is black, or dark reddish brown, amorphous, and is reduced by char- 
coal, hydrogen, sodium, or potassium, at comparatively low temperatures. 
When heated in the presence of organic substances, it gives up its oxy- 
ffen, converting the carbon of the organic body into carbon dioxide, and 
Its hydrogen into water. It dissolves in acids with formation of salts. 

Sulphides. — Cuprous sulphide — Sub&iilphide or Protosulphide — 
Cu,S — occurs in nature in soft, fusible, gray crystals {chalcosine or copper 
glance)y and in many double sulphides, among which is a double sulphide 
of copper and iron, known as copper pyrites, 

Cupric sulphide — ProtosiUphide — CuS — is obtained by treating a 
solution of a cupric salt with hydrogen sulphide or ammonium sulphydrate. 
It is almost black when moist, greenish brown when dry. Hot nitric 
acid oxidizes it to cupric sulphate; hot hydrochloric acid converts it into 
cupric chloride, with separation of sulphur and formation of hydrogen sul- 
phide. It is sparingly soluble in ammonium sulphydrate, its solubility 
being increased by the presence of organic matter. 

Chlorides. — CJuprous chloride — Subchloride or Protochloride — Cu, 
Cl^ — la prepared by heating oopper with one of the chlorides of mercury; 
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by dissolving ciiproua oxida in liydroehloric acid without contact of i 
or by the action of reducing agents upon solutions of oupno chloride. It 
is a heavy, while powder; turns violet and blue by exposure to light; 
soluble in concentrated hydrochloric aciil, insoluble in water. It forms a 
cryBtallizable compound with carbon monoxide, and its solution in hydro- 
chloric acid is used in analysis to absorb that gas. 

C'uPKio CHLOBIRE — Chloride or Deutochloride — CuCl, — is formed by 
dissolving copper in aqua regia; if copper be present in excess, it reduces 
the cupric to cuprous chloride. It crystalliKcs in bluish green, rhot ' ' 
prisms with 'i Aq., deliquescent, very soluble in water and in alcohol. 

Salts. — Nitrates,— Cuprous nitrate is unknown, Cupric nitrate, 
{NO,),Cu — is formed by dissolving copper, or its oxide, or carbonate in 
nitrio acid. It crystalliies at 20*^ to 23" with 3 Aq. ; below 20° with 
6Aq. 

Sin-rHATES. — The existence of cuprous sulphate is doubtful. Cnprie 
tulpluite — Sulphate of copper — Blue vitriol — Bluestone — Cupri aulphat 
(U.S., Br,) — S0,Cu + 5Aq. — is prepared: 1st, by roasting copper py- 
rites; 3d, from the water of copper-mines; 3d, by exposing copper, moist- 
ened with dilute sulphuric acid, to air; 4th, by heating copper with con- 
centrated sulphuric acid. 

As ordinarily crystallized, it is in fine, blue, oblique prisms, which 
require tor their solution !J.71 parts of water at 10°; and 0.65 parts at 
100°. lusnlublo in alcohol Tho crystals effloresce in dry air at 15% losing 
2 Aq.; At 100° they stiH retain 1 Aq., which they lose at 230", forming 
ft while, amorphous powder. The anhydrous salt, in taking up water, re- 
sumes its blue color. Its solutions are blue, acid, styptic, and metallic in 
taste. 

When ammonium hydrate is added to a solution of cupric sulphate, 
a bluish white precipitate falls, which redissolves in excess uf the alkali, 
to form a deep blue solution; strong alcohol floated over the surface of 
this floluiion separates long, right rhombic prisms, having the composi- 
tion S0,Uu,4NH,+H,0, which are very soluble in water; their solution 
constitutes atnmoiiio-mdpJtate of copper or aqxia aappldrina; and they 
exist, mixed with other substances, in the cuprum amtnoniatu/n (U. S.). 

AitSBNiTB — ScheeWs green — Mineral green — is a mixture of cuprie 
arsenite and hydrate; prepared by adding potassium arscnitc to solution 
of cupric sulpliate. It is a grass-green powder, insoluble in water; solu- 
ble in ammonium hydrate, or in acids. Exceedingly poisonous. 

Schioeiafuri green — ^fitis green or Paris green — is the most fre- 

Juently used, and the most dangerous of the cu pro-arsenical pigments, 
t is prepared by adding a thin paste of neutral cupric acetate with water 
to a boiling solution of arsenious acid, and continuing the boiling during 
ft fun her addition of acetic acid. It is an insoluble, green, crystalline 
powder, having the composition (C,II,O,),Cu+3{A8,O,0u). It is decom- 
posed by prolonged boiling in water, by aqueous solutions of the alkalies, 
and by the mineral acids, 

Cabbonates. — The existence of cuprous carbonate is doubtful. Ci*- 
pria carbonate — CO,Cu — exists in nature, but has not been obtained arti- 
ficially. Dicupric carbonate — CO,Cu,CuH,0 — exists in nature as mala- 
chite. When a solution of a cupric salt is decomposed by an alkaline 
carbonate, a bluish precipitate, having the composition CO,Cu,CuH,0, 
-t-H,(), is formed, which, on drying, loses H,0, and becomes green; it la 
used aa a pigment under the name mineral green. TVicttpric carbonate — 
Seg^icarbonatc of copper — 2(CO,Cu),CuH,0, — exists in nature as abluA 
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mineral called a2urite or mountain bltte, and is prepared by a secret pro- 
cess for use as a pigment known as blue ash. 

Acetates. — Vupric acetate — Diacetate — Crystals of Venus — {C,H, 
0,),Cu + Aq. — is formed when cupric oxide or verdigris is dissolved in 
acetic acid; or by decomposition of solution of cupric sulphate by lead ace- 
tate. It crystallizes in large, bluish green prisms, with 1 Aq., which they 
lose at 140°; when heated to 24.0** or 260° they are decomposed, with 
liberation of glacial acetic acid. 

Basic acetates. — Verdigris — Cupri suhacetas (U. S.) — is a substance 
prepared by exposing to air piles composed of alternate layers of grape- 
skins and plates of copper, and removing the bluish green coating from the 
copper. It is a mixture, in varying proportions, of three different sub- 
stances: (C,H,O,),Cu,CuH,0, + 5Aq.; L(C,H.O,),Cu]„CuH.O. + 6Aq.; 
and (C,H,0 ),Cu,2(CuH.0j. 

Analytical oharaoters. — Cuprous — are very unstable and readily 
converted into cupric compounds. Potashy white precipitate, turning 
brownish. Ammonium ht/drate, in absence of air, a colorless liquid; 
turns blue on exposure to air. 

Cupric. — White when anhydrous; when soluble in water they form 
blue or green acid solutions. Hydrogen stdphidCy black precipitate, 
insoluble in potassium or sodium sulphide, sparingly soluble in ammonium 
Bulphydrate; soluble in hot concentrated nitric acid and in potassium 
cyanide. Alkaline sulphideSy same as hydrogen sulphide. Potassium or 
sodium. hydratCy pale blue precipitate, insoluble in excess. If the solution 
be heated over the precipitate, the latter contracts and turns black. Am- 
monium hydrate, in very small quantity, pale blue precipitate; with larger 
quantities a deep blue liquid. Potassium or sodium, carbonate, greenish 
blue precipitate, insoluble in excess, and turning black when the liquid is 
boiled. Ammonium^ carbonate, pale blue precipitate, soluble with deep 
blue color in excess. Potassium cyanidCy greenish yellow precipitate, 
soluble in excess. Potassium ferrocyanide, chestnut-brown precipitate, 
insoluble in weak acids, decolorized by potash. IroJi is coated with 
metallic copper. 

Action on the economy. — The opinion, until recently universal 
among toxicologists, that all the compounds of copper are poisonous, has 
been much modified by recent researches. Certain of the copper com- 
pounds, such as the sulphate, having a tendency to combine with albu- 
minoid and other animal substances, produce symptoms of irritation by 
their direct local action when brought in contact with the gastric or in- 
testinal mucous membrane. One of the characteristic symptoms of such 
irritation is the vomiting of a greenish matter, which develops a blue 
color upon the addition of ammonium hydrate. 

Cases are not wanting in which severe illness, and even death, has 
followed the use of food which has been in contact with imperfectly 
tinned copper vessels; cases in which nervous and other symptoms re- 
ferable to a truly poisonous action have occurred. As, however, it has 
also been shown that non-irritant, pur^ copper compounds may be taken 
in considerable doses with impunity, it appears at least probable that the 
poisonous action attributed to copper is due to other substances. The 
tin and solder used in the manufacture of copper utensils contain lead, 
and in some cases of so-called copper-poisoning, the symptoms have been 
such as are as consistent with lead -poisoning as with copper-poisoning. 
Copper is also notoriously liable to contamination with arsenic, and it is 
by no means improbable that compounds of that element are the active 
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poisonous affents in some c&sos of supposed copper-intoxication. Nor L 
It improbable that articles of food allowuj tu remain exposed to air ij 
copper vessels sliouid undergo those peculiar changes whiuh result in the 
formation of poisonous substances, such ua the sausage- or cheese-poisons, 
or the ptoamines. 

The treatment, when irritant copper compounds have been taken, 
flhnuld consist in the administration of white of egf^ or of milk, with 
whose albuminoids an inert compound is formed by the copper salt. If 
vomiting Jo not occur spontaneously, it should ba induced iiy the usual 
methods. 

The detection of copper in the viscera after death is not without 
interest, especially if arsenic have been found, in which case its discovery 
or non-discovery enables us to differentiate between poisoning by the ar* 
senical greens and that by other arsenical compounds. The detection of 
mere traces of copper is of no significance, because, although copper is 
not a physiological constituent of the body, it is almost invariably preft- 
ent, having been taken with the food. 

Pickles and canned vegetables are sometimes intentionally greened by 
the addition of copper ; this fraud is readily detected by inserting a large 
needle into the pickle or other vegetable ; if copper be present the ateel 
will be fouud to be coated with copper after half an hour's coataoU 
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Commercial mercury is contaminated with other metals. It maj b 
purified bv shaking the distilled metal with mercurous nitrate solution, 
and preserving it under that liquid or strong nitric acid. 

It is a bright, metallic liquid; orystaliixes at —40°; boils at 360* 
(350° of the air thermometer); volatilizes slightly at all temperatures 
above —7"; sp. gr. 13.596. It forms alloys, called amalgams, with most 
other metals; it does not attack iron, and only amalgamates with platinum 
when heated. If pure, it is not altered in air at the ordinary tempera- 
ture, but, if impure, is coated with a gray lilm of mercuric oxide; heated 
in air to near its boiling point. It is oxidized. It does not decompoSQ 
water. It combines directly with chlorine, bromine, iodine, and sulphur. 
Hot, concentrated sulphuric acid dissolves it with evolution of sulphur 
dioxide, and formation of mercuric sulphate. Nitric acid dissolves it in 
the cull] with formation of a nitrate. 

Hydrargyrum cum crtta (U. S,, Br.) and Ungttentwn hydrargyrt 
fU. S,, Br.) — owe their activity to small quantities of mercuroua oxide, 
formed during their preparation; the cause of the greater activity of the 
latter preparation being due to a more extensive oxidation. It is also 
probable that the absorption of vapor of mercury by outaiieous surfaoas 
IB preceded by its conversion into mercuric chloride. • 

Oxides. — MKBCUitors Oxidk — ProtiKeide or bliiek oxide — Hg — is 
obtained by adding a solution of merenrous nitrate to an exoesa of solu- 
tion ot potassium hydrate. It is a brownish black, tasteless powder; 
very prone to decomposition into mercuric oxide and mercury. ?Iydro- 
chlorio acid converts it into mercurous chloride, and other acids into the 
oorreaponding merourous salts. 
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It is also formed by the action of calcium hydrate upon mercurous 
comfK>undSy and exists in the Lotio hydrargyri nigra (Br.) or black 
toash, 

Mebcurio Oxtdb — jRed or binoxide — Hydrargyri oxidum Jlavum 
(U. S., Br.) — Hydrargyri oxidum rubrum (U. S., Br.) — HgO — is pre- 
pared by calcining mercuric nitrate as long as brown fumes are given 
off; or by precipitating a solution of a mercuric salt by excess of potas- 
sium hydrate. The products obtained by these methods, although the 
same in composition, differ from each other in their physical properties 
and in the activity of their chemical actions. That obtained by the cal- 
cination of the nitrate, Hydr. oxid. rubrum, is red and crystalline in 
structure; that obtained by precipitation, Hydr, oxid, Jlavum, is yellow 
and amorphous. The latter is much the more active in its chemical and 
medicinal actions. 

Mercuric oxide is very sparingly soluble in water, the solution having 
a metallic taste and an alkaline reaction. It exists both in solution and 
in suspension in the Lotio hydrargyri flava (Br.) or yellow wash, pre- 
pared by the action of lime water upon a mercuric salt. 

When exposed to air and light it turns black, more rapidly in the 
presence of organic matter, giving off oxygen and liberating mercury. It 
IS an active oxidizing agent. It decomposes the chlorides of many 
metallic elements in solution, with formation of a metallic oxide and of 
mercuric oxychloride; combines with the alkaline chlorides to form soluble 
double chlorides, chlorom^rcurates or chlorhydrargyrates / and forma 
similar compounds with the alkaline iodides and bromides. 

Sulphides. — Mebcurous sulphide — Hg^S — a very unstable com- 
pound, formed by the action of hydrogen sulphide upon mercurous salts. 

Mercuric sulphide — JRed sulphide — Cinnabar — Vermilion — Hy- 
drargyri suXphuretum nibrum (U. S.) — HgS— exists in nature in amor- 
phous red masses or in red crystals, and is the chief ore of mercury. If 
sulphur and mercury be ground up together in the cold, or if a solution 
of a mercuric salt be decomposed by hydrogen sulphide, a black sulphide 
is formed, which is the ^thiops mineralis of the older pharmacists. 

A red sulphide is obtained in the arts for use as a pigment (vermil- 
ion), by agitating for some hours at 60° a mixture of mercury, sulphur, 
potash, and water. It is a fine, red powder, which turns brown, and finally 
black, when heated. Heated in air it burns with formation of sulphur 
dioxide and volatilization of mercury. It is decomposed by strong sul- 
phuric acid, but not by nitric or hydrochloric acids. 

Chlorides. — Mercurous chloride — Protochloride — MUd cJdoride — 
Calomel — Hydrargyri chloridum mite (U.S.) — Hydrargyri subchlori" 
dum. (Br.) — Hg,Cl, — is now principally obtained by the mutual decompo- 
sition of sodium chloride and mercurous sulphate. Mercuric sulphate is 
obtained by heating together % parts of mercury and 3 parts of sulphuric 
acid; this is then caused to combine with an equal amount of mercury to 
that first used, to form mercurous sulphate; which is mixed with dried 
sodium chloride, and the mixture heated in glass vessels, connected with 
condensing chambers. 

In practice, varying quantities of mercuric chloride are also formed, 
and must be removed from the product by washing with boiled, distilled 
water until the washings no longer precipitate with ammonium hydrate. 
The presence of mercuric chloride in calomel may be detected by the for- 
mation of a black stain upon a bright iron surface, immersed in the cal- 
omel, moistened with alcohol; or by the production of a black color by 
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hydrogen sulphide in water which has been iti contact with and filtered 
from c&lomel so contaminated. 

Calome! is also formed in a. number of other reactions: 1st, by the ac- 
tion of chlorine upon excess of mercury; 2tl, by the action of mercury 
upon ferric chloride; 3d, by the action of hydrochloric acid, or of a 



chloride, upon mercurous oxide, or upon a mercurous Bait; 4th, by I 



action of reducing agents, including mercury, upon mercuric chlori< 

Cslomet crystalliEea in nature, and when sublimed, in quadratia 
prisms; when precipitated it is deposited as a. heavy, amorphous, white 
powder, faintly yellowish, and producing a yellowish mark when rubbed 
upon a dark suface. It sublimes, without fusing, between 400° and 
nOO"; is insoluble in cold water and in alcohol; soluble in boiling water 
to the extent of 1 part in 12,000; when boiled with water for some time, 
it suffers partial decomposition, mercury is deposited and mercuric chlor- 
ide dissolves. 

When exposed to light, calomel becomes yellow, then gray, owing to 
partial decomposition, with liberation of mercury and formation o( mer- 
curic chloride. Chlorine and aqua regia readily convert it into merourio 
chloride. Indine, in the presence of water, converts it into a mixture ot 
mercuric iodide and chloride. Ilydrochlono acid and alkaline chlorides 
convert it into mercuric chloride. This change occurs in the stomach 
when calomel is taken internally, and that to such an extent when largo 
quantities of chlorides are taken with the food, that calomel cannot be 
nsed'in naval practice as it may be with patients who do not subsist upon 
salt provisions. Potassium iodide converts it into mercurous iodide, 
which is then decomposed, by an excess of alkaline iodide, into mercuric 
iodide, which dissolves, and mercury. Solutions of tlia sulphates of so- 
dium, potassium, and ammonium dissolve notable quantities of calomel- 

The hydrates and carbonates of sodium and potassium decompos* 
it with formation of mercurous oxide, which is decomposed into mercuno 
oxide and mercury; \t alkaline chlorides be also present, they react upon 
the mercuric oxide, thus produced, with formation of mercuric chloride. 

MEECtrRic Chloride — Perchloride or itc/iloride — Corrosive eublimats 
— Hydraryyri cMoriditm corrosivunt (U. S.) — Jlydrargifri perclUoridum 
(Br.) — HgCl, — is prepared by heating a mixture of 5 parts of dry mer- 
curic sulphate with 5 parts of dry sodium chloride and 1 part of manga- 
nese dioxide in a glass vessel communicating with a condensing chamber. 

It crystallizes by sublimation in rectangular octahedra, and by 
evaporation of its solutions in flattened, right rhombic prisma; fuses at 
about 205°, and boils at about 295°; 100 parts of water dissolve C.57 
parts of mercuric chloride at 10°, and 63.9G parts at 100'; cold alcohol 
dissolves it to the extent of 40 per cent, of its weight. It is also soluble 
in ether, and very soluble in hot hydroohlorio acid, which latter solution 
gelatinizes on cooling. Its solutions Lave a disagreeable, acid, siyptio 
taste, and are highly poisonous. 

It is easily reduced to calomel and elementary mercury, and its aque- 
ous Gohitions are so decomposed when exposed to light, a change wliich 
is retarded by the presence of sodium chloride. When heated with mcr- 
curv it is converted into mercurous chloride. Zinc, cadmium, nickel, iron, 
lea^, copper, and bismuth remove a part or all of its chlorine, with separa- 
tion of calomel or of mercury, when they are heated with dry merourio 
chloride or with its solution. Hydrogen sulphide decomposes it with 
separation of a yellow sulpho-ohloride, which, with an excess of the gas, is 
convened into the black merourio sulphide. It is soluble without docom- 
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position in sulphuric, nitric, and hydrochloric acids. Hydrates of sodium 
and potassium decompose it, with separation of a reddish brown oxychlo- 
ride if added in sufficient quantity, or of the orange-colored mercuric ox- 
ide if an excess of the precipitant be used. The hydrates of calcium and. 
magnesium effect a similar decomposition, which does not, however, take 
place in the presence of an alkaline chloride or of certain organic matters, 
such as sugar and gum. Many organic substances decompose it into 
calomel and mercury, especially under the influence of sunlight. Albu- 
men forms with it a white precipitate, which is insoluble in water, but 
soluble in an excess of fluid albumen and in solutions of alkaline chlorides. 
It readily combines with metallic chlorides to form soluble double salts, 
or chloromercurates. One of these, obtained in flattened, rhombic prisms 
by the cooling of a boiling solution of mercuric chloride and ammonium 
chloride, has the composition HgCl„2(NH^Cl)-hAq., and was formerly 
known as sal alembroth or sal sapient ice. 

Mebcurammoniuh culoridb — Mercury chloramidide — Infusible 
white precipitate — Ammoniated mercury — Hydrargyrum animoniatum 
(U. S., Br.) — NHjHgCl — is prepared by adding a slight excess of ammo- 
nium hydrate solution to a solution of mercuric chloride. It is a white 
powder, insoluble in alcohol, ether, and cold water; decomposed by hot 
water with separation of a heavy, yellow powder. It is entirely volatile 
without fusion. The /usible white precipitate is formed in small crystals 
when a solution containing equal parts of mercuric chloride and ammo- 
nium chloride is decomposed by sodium carbonate. It is mercurdiam^mo- 
nium chloride, NH,HgCl,NH,Cl. 

Iodides. — Mercubous iodide — Protoiodide or yellow iodide — Hy- 
drargyri iodidum viride (U. S., Br) — Hg,I, — is prepared by grinding 
together 200 parts of murcury and 127 parts of iodine with a little alco- 
hol until a green paste is formed. It is a greenish yellow, amorphous 
powder, insoluble in water and in alcohol. When heated it turns brown 
and volatilizes completely. When exposed to light, or even after a time 
in the dark, it is decomposed into mercuric iodide and mercury. The 
same decomposition is broughtabout instantly by potassium iodide; more 
slowly by solutions of alkaline chlorides and by hydrochloric acid when 
heated. Ammonium hydrate dissolves it with separation of a gray pre- 
cipitate. 

Mercuric iodide — Biniodide or red iodide — Hydrargyri iodidum 
rubruTH (U. S., Br.) — Hgl, — is obtained by double decomposition between 
mercuric chloride and potassium iodide, care being had to avoid too great 
an excess of the alkaline iodide, that the soluble potassium iodhydrargy- 
rate may not be formed. 

It is sparingly soluble in water; with alcohol forms colorless solutions. 
It dissolves readily in many dilute aeids and in solutions of ammoniaoal 
salts, alkaline chlorides, and mercuric salts; and in solutions of alkaline 
iodides. Iron and copper convert it into mercurous iodide, then into mer- 
cury. The hydrates of potassium and sodium decompose it into oxide or 
oxyiodide, and combine with another portion to form iodhydrargyrates, 
which dissolve. Ammonium hydrate separates from its solution a brown 
powder, and forms a yellow solution which deposits white flocks. 

Cyanides. — Mercuric CTAiaDE — Hydrargyri cyanidum (U. S.) — 
Hg(CN), — is best prepared by heating together, for a quarter of an hour, 
potassium ferrocyanide, 1 part; mercuric sulphate, 2 parts; and water 8 
p«,rts. It crystallizes in quadrangular prisms; soluble in 8 parts of cold 
water, much less soluble in alcohol; highly poisonous. When heated dry 
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it bl&clcena, and is decomposed into nyanogen and mercnry; if heated in 
the presence of tnoiature it yields hjdrocyanin kc id, mercury, cftrbon di- 
oxide, and ammoniB. Hot, concentrated sulphuric acid, and uydro chloric, 
hydrobrotnic, hydriodic, and sulfihydrio acids in the cold, decompose it 
with liberation of hydrocj'anio acid. It is not decomposed by alkalic 

Salts. — Nitrates. — There exist, beside the normal mercurousnnd 
ouric nitrates, {NO,),(Hg,) nnd (NO,),Hg. three basic mercurous nitrates, 
three basic mercuric nitrates, and a mercuroso-mercuric nitrate. 

Mefcuro^is H»Vr«fc^(N0,),(Hg,) + 2Aq. — is formed when excess of 
mercury is digested with nitric acid, diluted with one-half vol. of wnter, 
until short, prismatic crystals separate. 

It elUoresces in air; fuses at ?0°; dissolves in a small quantity of hot 
water, but with a larger quantity is decomposed with separation of a 
yellow basic trimercuric nitrate, (NO,) IIg.2UgO + Aq. 

The dimtrcarotts nitrate — (NO,) (Hg,),Hg,0 + Aq.— is formed by act- 
ing upon the preceding salt with cold water until it turns lemon-yellow; 
or by extracting with cold water the residue of evaporation of the pro- 
duct obtained by acting upon excess of mercury with oaucentrated nitrio 
acid. 

A trimerourout nitrate — (NO,),(Hg,),,IIg,0+3Aq. — is obtained in 
large, rhombic prisms, when excess of mercury is boiled with nitric acid, 
diluted with 5 parts of water, for livs to six hours, the loss by evaporation 
being made up from time to time. 

Merairic nitrate — (NO,),Hg — Is formed when mercury or merourio 
oxide is dissolved in excess of nilric acid, atid the solution evaporated at a 

Cntle heat. A sirupy liquid is obtained, which, over quick-lime, deposits 
ge, deliquescent crystals, having the composition Sr{NO,),IIg]-|- Aq., 
while there remains an un crystal! isable liquid, (NO,),IIg+:2Aq. 

This salt is soluble in water and exists in the Liij. hydrariji/ri nitratit 
(U. S.) or Ziq. hydrargyri nitratia aeidut (Br,); in the volunietria stan- 
dard solution used in Liebig's process tor uroa; and probably iu citrine 
ointment, Unffuentum hydrapgyri uitrati» (U..S., Br.). 

Dimercuric nih-ot^— (NO,),Hg,HgO-HAq. — is formed when mercuric 
oxide is dissolved to saturation in hot nitric acid, diluted with its voluma 
of water. It crystallizes on cooling in needles; is decomposed by water 
into trimercuria nitrate, (NO,),Hg.2HgO, and neutral mercuric nitrate. 

A hexameraitric nitrate — (NO,)jHg,5HgO — is also formed, as a red 
powder, by the action of water upon trimercurio nitrate. 

Sulphates, — Mercijeouh and Mercuric Sulphatk-s — SO,{IIg,) and 
SOJIg — are crystalline compounds, which are formed as a step in the 
propnration of mercurous and mercuric chlorides {q. v.). 

Analytical characters. — MuBcnRors. — Hydrochloric arid, white 
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precipitate, insoluble in water and in acids, except aqua rcginj tuma 
black on the addition of ammonium hydrate; when boiled with hydro- 
chloric acid, deposits mercury, while mercuric chloride dissolves. Ilydro- 
gtn sulphide, black precipitate, insoluble in alkaline sulphides, in diluto 
acids, and in potassium cyanide; partly soluble in boiling nitric acid. 
Potassium hydrate, black precipitate, insoluble in excess. Potaetiutn 
iodide, greenish precipitate, converted by exoess into mercury, which 
remains, and mercuric iodide, which dissolves. 

Mkrcpkic. — Hydrogen gidphide, black precipitate. If the rt-agent 
be slowly added, the precipitate is first white, then orange, finally black. 
AmmoniMTft stdphydrate, black precipitate, insoluble in excess, except in 
the prosenoe of organic matter. Potatsium or sodium hydrate^ •^eWav 
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precipitate, insoluble in excess. Ammonium hydrate^ white precipitate, 
soluble in great excess, and in solutions of ammoniacal salts. I^otassium 
carbonaUy red precipitate. Potassium iodide^ yellow precipitate, rapidly 
turning to salmon-colored, then to red; readily soluble in excess of pre- 
cipitant or in great excess of mercuric salt. 

Action on the economy. — Mercury, in the metallic form, is without 
action upon the animal economy so long as it remains such; on contact, 
however, with alkaline chlorides it is converted into a soluble double 
chloride, and this the more readily the greater the degree of subdivision 
of the metal. The mercurials insoluble in dilute hydrochloric acid are 
also inert until they are converted into soluble compounds. 

Mercuric chloride, a substance into which many other compounds of 
mercury are converted when taken into the stomach or applied to the 
skin, not only has a distinctly corrosive action, by virtue of its tendency 
to unite with albuminoids, but when absorbed it produces well-marked 
poisonous effects, somewhat similar to those of arsenical poisoning; 
indeed, owing to its corrosive action and to its greater solubility, and 
more rapid absorption, it is a more dangerous poison than arsenic triox- 
ide. In poisoning by corrosive sublimate, the symptoms begin sooner after 
the ingestion of the poison than in arsenical poisoning, and those phe- 
monena referable to the local action of the toxic are more intense. 

The treatment should consist in the administration of white of egg, 
not in too great quantity, and the removal of the compound formed, by 
emesis, before it has had time to redissolve in the alkaline chlorides con- 
tained in the stomach. 

Absorbed mercury tends to remain in the system in combination with 
albuminoids, from which it may be set free, or, more properly, brought 
into soluble combination, at a period quite removed from the date of last 
administration, by the administration of alkaline iodides. 

Mercury is eliminated principally by the saliva and urine, in which it 
may be readily detected. The fluid is faintly acidulated with hydro- 
chloric acid, and in it is immersed a short bar of zinc, around which a 
spiral of dentist's gold- foil is wound in such a way as to expose alternate 
surfaces of zinc and gold. After 24 hours, if the saliva or urine contain 
mercury, the gold will be whitened by amalgamation; and, if dried and 
heated in the closed end of a small ^lass tube, will give off mercury, 
which condenses in globules, visible with the aid of a magnifier, in the 
cold part of the tube. 
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ACBNAPnTHALKNB, 887 

Aoeta, 187 

Aoetamide, 208 

AcetoDe, 204 

Acetones, 154 

Acetyl hydrate, 185 
hydride, 200 
methylide, 204 

Acetylene, 287 

Acid, acetic, 185 
aconitic, 291 
acrylic, 224 
adipic, 258 
allantoic, 272 
allantnrio, 272 
amalic, 855 
amidoacetio, 208 
amidobatyrio, 214 
amido apioic, 214 
amidopropionio, 214 
amidovalerianic, 214 
amylsalphorio, 199 
angelic, 225 
araohaic, 280 
arachic, 103 
arsenic, 121, 125 
araeniouB, 118, 121 
aspanic, 277 
auric, :)74 
azelaic, 254 
benic. 193 
benostearic, 193 
benzoic, 207, 826 
benzoglycolic, 827 
binitrobenzoio, 827 
bismuthic, 389 
boracio, 140 
boric, 140 
bromic, 78 
batylformio, 191 
butyric, 189 
cachoutannlo, 845 
caffeic, 845 
caffetannic, 845 
camphic, 296 
oampbolio, 296 
capric, 192 
oaproic, 191 



Add, caprylic, 199 
carbamio, 274 
carbolic, 820 
carbonic, 284 
carminic, 842 
cathartic, 842 
oerotic, 198 
ohenooholic, 218 
chenotaurooholio, 213 
chloric, 76 
chlorous, 76 
cholalic, 212 
choleio, 211 
cholesteric, 835 
cholic, 210, 212 
cholonic, 211 
chromic, 875 
oinnamic, 297, 886 
citraconic, 291 
citric, 291 
cocinic, 280 
oocostearic, 280 
cresylic, 822 
orotonic. 225 
cyanic, 841 
oyanuric, 258 
decylio, 192 
delphinic, 191 
deoxyglutanio, 258 
dextrotartaric, 290 
dichloraoetio, 187 
dichromic. 875 
digaUic, 845 
digitaUio, 848 
dUactio, 249 
disulphanilio, 888 
disulphurio, 92 
diUrtaric, 291 
dithiouic, 92 
elaidic, 226 
erythroglucio, 389 
ethalic, 198 
ethyldiacetio, 204 
ethylenolaotio, 247 
ethyloxalio, 198 
ethylsulphurio, 196 
fluoric, 70 
formic, 184 
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Add, pBdinio, 38S 
gkllic. 330 
gkUotumio, S44 
f laoio, 3U0 

glyceroiiboaphorio, 386 
glljcocholic, 210 
gljcolaraic, 2U8 
g1;aolic, 'US 
Iiemimellilic. 339 
hemipmic, 353 
heptylic. 193 
haijlic, 101 
hippuria, 327 
ll^tenic. IBS 
hjilrobcomio, 77 
hydcouhlorio, 73 
liydroayaDiu. 339 
hy.lriifercicjiiQic, 843 

hydroftiiorie. 69 
hydroUiitKilicio, 372 
hydriCKiic, 80 
hydrainelliUo. 3S0 
hydroBulphariti, 81 
hydrostilpharoiu, 88 
bydurUio, 3U8 
lijocbolio. 213 
hyoglyuoisholic, 3lS 
byotaarochoUc, 3lS 
hypobTomous. 78 
hypoohlocio, 76 
hypocblorouR, 78 
hypogaio. 380 
hypouitric. 100 
hypoaitrous, 103 
hypophaapborana. 112 
hypOBUlpburio, 93 
hypoaulpbuiouH, 03 
iodic, 81 
iMtbionie, SSI 
imbulyria, IflO 
Isophtli&lio, 333 
Itnconic, 391 
UoUc, 347 
Ivvotartario, S90 
Isaric, 193 
lanraateario, IDS 
leucic, 215 
linolelc. 381 
Ulhio, 208 
malelo, 277 
molio, 276 
malonio, 232 



IDttrgiiric. 193 
mecoDiu, 35l), 8S8 
mslasaia, SOO 
melissio, IK 
mellitio, S-'iO 
metlophftnio, SSO 
meaitylenio, 32» 
netaborii;, 140 
mclantimonio, 135 



Acid, metutuinia, 301 
methyl orotonia, !&36 
moDOcbloi*c«Uo. 187 
morintannio, 849 



niUobenioio, 837 
uitrosoniirio, 104 
nitiKHiB, 102 

nonjlio, 193 
Nordhaiuen, 92 
octjlio, 193 
cenanthylio, 192 
Oteio. 326 

orthoiintimonic, 13S 
DrthuarE(.'nici, 131 

orthoborio, 140 
ortbopboBphorio, IIS 
OBinio. 373 
oxalic, 350 
oxaloviaio, 198 
oialurio, 373 
<iiMaio. 374 



pBln 



3, m 



pantlactio, 348 
paramuoio, 293 

polorffODio. 103 
peatathionio. 93 
perbrotnio. 78 
perchloric, 76 
lieriodio. 81 
phenic, 320 
pbRnjlHilphurooB, SIS 
phocetiic. nil 
pbosphomolybdic, 347 
plia>>pboric, 113 
phosphoFDUB, !12 
pboaphoturigstlc, 378 
pboBphovinio, 195 
phthalio, 3S3 
picriu, 331 
pimelio, 338 
pivalio, IBl 
plumbic, 88« 
pnemoic, 330 
pMbnitio, 830 
propionic 18B 

propjliicelio, 101 
protooatecbuio, 34S 
pmsBic. 330 
pyioaDtimoiiio. 18S 
pyroatkeDio, 132 
pyrobismuthio, 380 
pyroborio, 140 
pyroiallio, 335 
pyroligDcauB, 185 



0,330 



pyroniiicic, 393 
pyrophosphi 



118 
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Aoid, qninio, 853 

quinotanniOf 845 

quinovio. 353 

racemio, 290 

rooellio, 254 

rosolic, 821 

Baochario, 298 

Balioylous, 881 

salicyUc, 829 

Bantonio, 844 

sarcolactio, 247 

sebaoic, 254 

siliootnngstio, 873 

Btannio, 391 

stearic, 198 

suberio, 258. 281 

suooinio, 253 

salphanilio, 888 

salphobeDzoio, 827 

solphocarbonio, 245 

Bulphocyanio, 841 

Bulphoglucio, 800 

salphovinic, 196 

Bulphorio, 88 

Bulphurous, 86 

Bulphydric, 84 

tannic, 844 

tartaric, 290 

tartralic, 291 

taorocarbamio, 280 

taorooholic, 211 

terephtbalic, 828 

tetraboric, 140 

tetrathionio, 93 

trichloracetic, 187 

trichromic, 875 

trimellitic, 329 

trimesitic, 829 

trinitrophenic, 821 

trithionic, 98 

nlmic, 800 

uric, 208 

nrooB, 272 

valerianic, 190 
Adds, 17, 154 

amide, 156, 208 

biliary, 210 

fatty, 188 

monobafiic, 158, 188 

valerianic, 190 
Aeon i tine, 860 
Acrolein, *^24 
Action of acetic add, 188 

of alcohol, 172 

of ammonia, 411 

of antimony, 187 

of arsenic, 124 

of bariam, 415 

of bismnth, 890 

of bromine, 77 

of carbon dioxide, 240, 244 

of carbon monoxide, 285 

of chloral, 202 

of chloroform, 165 

of chromium, 876 

of copper, 422 

28 



I Action of hydroohlorio add, 75 

of hydrocyanic add, 840 

of hydrogen sulphide, 85 

of iodine, 79 

of lead, 887 

of mercury, 428 

of nitric acid, 104 

of nitrogen monoxide, 99 

of nitrogen tetroxide, 101 

of oxalic add, 251 

of phosphoric adds, 115 

of phosphoruB, 108 

of potassium, 400 

of silver, 408 

of sodium, 406 

of sulphur dioxide, 87 

of sulphuric add, 91 

of rinc, 419 
Addition, 149 
After-damp, 158 
Air, 95 

ammonia in, 97 

confined, 287 

solids in, 97 

water in, 96 
Alanine, 214 
Albumin, add, 866 

alkali, 865 

egg, 362 

in urine, 862 

serum, 862 

vegetable, 868 
Albuminates, 365 
Albuminoids, 360 
Albuminose, 866 
Alcohol, 169 

absolute, 172 

aUyHo, 221 

benzoic 818. ; 23 

camphyl, 21iO 

cerylic, 180 

oetylic, 180 

oholesteric, 335 

cinnamic, 834 

ethylic, 169 

isopropylic, 178 

mannitio, 298 

mellissic, 180 

menthylic, 297 

methylic, 168 

myricio, 180 

propylic, 178 

styrolio, 834 

vinic, 169 
Alcoholic radicals, 149 
Alcohols, 150 

amylic, 152, 179 

aromatic, 323 

butyric, 178 

diatomic, 150, 280 

monoatomio, 150, 167 

pentatomic, 292 

primary, 151 

secondary, 151 

tertiary, 151 

tetratomio, 289 
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Alcohols, triatomio, 150, S74 
Aldehyde, 171 

aoecic, 200 

anisio, 831 

benzoic, 880 

campholio, 296 

oapiylio, 203 

cinnamic, 836 

cnminic, 881 

salicylic, 831 
Aldehydes, 154» 200 
Aldol, 225 
Ale, 175 

Algaroth, powder of, 185 
Alizarin, 838 
Alkaline metals, 898 
Alkaloids, 846 

cinchona, 858 

detection of, 848 

fixed, 850 

opium, 350 

stiychnos, 856 

TolatUe, 840 
Alkar8in,219 
AlantoXn, 272 
Allotropy, 80 
Alloxan, 272 
AUyl, 221 

hydrate, 221 

iodide, 221 

oxide. 222 

solphide, 222 

salphocyanate, 222 
Allylene, 288 
Allylic series, 220 
Alphenols, 324 
Alumina, 882 
Aluminates, 882 
Aluminium, 881 

aceUte, 384 

chloride, 882 

hydrate, 382 

oxide, 882 

salts, 882 
Alums, 383 
Amanitine, 207 
Amides, 156 
Amido acids, 156 

benzol, 382 
Amines. 155, 332 
Ammonia, 08 

Ammonias, compound, 165 
Ammonium, 408 

acetate, 410 

bromide, 409 

carbonates, 410 

chloride, 409 

compoimds, 408 

hydrate, 409 

iodide, 410 

nitrate, 410 

oxide, 409 

purpurate, 269 

salts, 410 

sulphates, 410 

soipliides, 409 



Ammonium, urates, 269 
Amorphism, 28 
Amygdalin. 342 
Amyl acetate, 199 

chloride, 162 

nitrate, 198 

nitrite, 199 

sulphates, 199 
Amylene, 229 
Amyloid, 367 
Amyloses, 299, 310 
Amylnm, 310 
Analytical characters of alkaloids, 347 

of aluminium, 384 

of ammonium, 410 

of antimony, 182, 188 

of arsenic, 127 

of barium, 415 

of bismuth, 890 

of bromides, 81 

of calcium, 415 

of chlorides, 74, 81 

of chromium, 375 

of cobalt, 419 

of copper, 422 

of gold, 874 

of iodides, 81 

of iron, 381 

of lead, 387 

of lithium, 398 

of magnesium, 417 

of manganese, 376 

of mercury, 427 

of nickel, 419 

of nitrates, 105 

of phosphates, 114 

of potassium, 406 

of silver, 408 

of sodium, 399 

of sulphates, 91 

of tin, 391 

of zinc, 419 
Anhydride, antimonic, 184 

antimonous, 188 

arsenic, 121 

arsenious, 118 

boric, 139 

carbonic, 286 

chromic, 375 

hypochlorous, 76 

molybdic, 378 

nitric, 101 

nitrons, 100 

phosphoric. 111 

phosphorous. 111 

plumbic, 385 

sUidc, 372 

sulphuric, 87 

sulphurous, 86 

tungstic, 378 
Anhydrides, 28, 154 
AniUne, 332 
Anthracene, 887 
Anthracite, 142 
Antimony, 181 

blaok, 181, 186 
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Antimony, batter of, 185 

oixmabar, 186 

oroouB oif, 186 

crude, 181 

glass of, 186 

intermediate oxide, 184 

liver of, 186 

pentachloride, 136 

pentasulphide, 187 

pentoxide, 184 

protocbloride, 185 

regulus of, 181 

trichloride^ 185 

trioxide, 188 

trisnlphide, 186 

vermilion, 186 
ApiXn, 342 
Apomorphine, 851 
Aqua ammonias, 98, 400 

ohlorinii, 71 

fortis, 102 

prima, 102 

regria, 74, 104 
Arabin, 315 
Arabinose, 815 
ArbnDin, 342 
Ai^ol, 403 
Aromatic series, 816 
Arsenamine, 116 
Arsenia, 116 
Arsenic, 116, 125 

acids, 121 

disnlphide, 122 

flour of, 118 

oxides, 118 

pentasulphide, 128 

pentoxide, 121 

sulphides, 122, 125 

tribromide, 124 

trichloride, 128 

trifluoride, 128 

triiodide, 124 

trioxide, 118, 125 

trisulphide, 128 

white, 118 
Arsenical greens, 125 
Arsines, 219 
Atom, 8, 10, 11 
Atomic heat, 18 

theory, 8 

weight, 11 
Atomicity, 15 
Atropine, 859 
Auric chloride, 874 
Aurin, 321 
Auripigmentum, 123 
Aureus chloride, 874 
Azote, 95 
Azulin, 321 

BAKINO-POWDBBfl, 404 
Balsams, 297 
Barium, 415 

chloride, 415 

hydrate, 415 

oxides, 415 



Baryta, 415 
Bases, 18 
Basicity, 17 
Bassoria, 815 
Beer, 175 
Beeswax, 199 
Benzene, 815 
Benzine, 150 
Benzol, 815 
Benzoline, 160 
Benzyl hydrate, 828 
Benzyl hydride, 880 
Betaine, 207 

Beverages, alooholic, 174 
Bile acids, 210 

physiology, 213 

pigments, 870 
Bilifusoin, 870 
Biliprasin, 870 
BUirubin, 870 
BUiverdin, 870 
Bismuth, 888 

hydrates, 389 

nitrate, 889 

oxides, 889 

salts, 389 
Bismuthyl, 889 

carbonate, 890 

nitrate, 889 
Black flux, 408 
Bleaching-powdei; 412 
Boiling-pointy 6 
Bone, 418 

ash, 412 

black, 143 

phoBphate, 413 
Borax, 898 
Borneene, 297 
Bomeol, 296 
Boron, 189 

bromide, 140 

chloride, 140 

fluoride, 140 

oxide, 189 
Brandy, 178 
Bromal, 171, 203 
Bromine, 77 
Bromoform, 166 
Bromoiodoform, 167 
Brucine, 358 
Butalanine, 214 
Butter, 284 
Butyral, 208 
Butyrone, 204 



Gacodtlb, 219 

Cadmium, 416 

Caesium, 398 

Caffeine, 355 

Calcium, 411 

carbonates, 414 
chloride, 411 
hydrate, 411 
oxalate, 415 
oxides, 411 



Oaloiam. phosphates, 413 

plambite. 385 

Bilu. 412 

■nlphate, 413 

matee, 269 
Calomel, 434 
Csmphol. W9 
Camphor, 295 



itom 
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Japan. 395 

lanrel. 305 
moaobromo, 296 

CoiH[il]urs, fXi 
Campbrene, 296 
Caouchene. 394 
Caoutchouc, 284 
Carbaniiile. ~^1 
Carbimide, 256 
CarbiDol, 168 
CatWli^drates, 309 
CoTbun, Ul 

aomponiids of, 145 

dioxide. 2^6 

aiBiilphide, 349 

monoxide. 234 

p«rcblonde, 107 

Besqaichloride, 1QT 

tetmbromide, 166 

tetniohlorido, Hi6, 329 

trichloride, li37 
Catbonyl, 234 

chloride, 235 
Carmine, 373 
Cuein. glutea, 360 

milk, 364 

serum, 3S3, 803 
Catal^Hia. ISl 
Cedrene, 394 
Cellulin, 814 
Cetlnliue. 314 
Gcraxin. 310 
Cerebrin. 386 
Ceruse, 3S7 
Cerjl hydraU, 180 
Oetoceom, 199 
Cet^ae, 107 
Cetiue, 199 
Cetyl hydrate, IflO 

palmiUtA 199 
Chalk, 414 
Charcoal. 143 

animal, 143 
Chemiatry, 1 



China 



:, 199 



Chitin, 342 

Cholin. 306 

Chloral, 171, 200 
alcohoIaM, 2U3 
h?drat«, 203 

Chlorine, TO 

pp to side, ~(i 

Mtroxide, 76 

trioxide, 76 

ChloiocarboD, 166 

Chlorotorm, 164 



Chloroiodoform, 167 

Chlciromelhy], 163 

Clioleswrin, 3;W 

Choniir.geii. y07 

Cbondrin, Ml 

Chroninm, 873 
oxides, 370 
Bu]phat«H, 87S 

CbryMno, il:t8 

CiouCine. 349 

Oidof 177 

Cinohonine, SM 

Ciiinabar. 424 

Cinnamene, 334 

Cinniimol. 334 

■Classifl cation. 26 

Coagolated albninlna, 81 

Coal, 142 

Cobalt, 419 

Cooaine, 880 

Codeine, 863 

Coke, 143 

Colchioioe, 359 

Collul^en, 367 

Collodion. 314 

Colncynthln, 349 

Colophony, 39^ 

ComboBtion, 36 

-Compositiou, t 
.pounds, 7 



,„l.|nt 



Conilne, 349 
Constitution, 33. 147 
CoDvolvuiin, 343 
Copper, 420 

ohioridea. 430 

oxides. 420 

salts, 4-^1 
Coral Itn. -Vi 
Corrosives. 7S 
CorromvesuliliniRte. 4 
GosmoliDo. 101 
Creagoi. 323 
Creaaot«, 823 
Creatine, 217 
Creatinine, 317 
Cresol, 333 
Cresylol. aiS, 333 
CriiiUlliD, 833 
<Mth.M 
Crooin. 843 
Crotonol, 290 
Crotoiiylene. 288 
Crj'Ktallization, 28 



Cum. 
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Cii[irirptiloride, 421 
oxide. 420 
sulphate, 431 
salphide, 420 

Cnproua obloride, 420 
oxide. 430 
sulphide, 430 

Cnrare, 359 

Cnrarine, 859 



Cyanogen, 338 
CTmene. 206, S18 
C>mol, itl8 



Dah] 



i, 314 



Datnrii , 
UMiomposition, 18 
DeliqiK^Boenee, 40 
Deoxidation, B4 
Dertrin, 170, 311, 318 
JlexCrogyrouB, 32 
Deitroao. 209 
Dialtjl, 2S1 
DinminKs, 26S 
Diaincind, 141 
DiaHUiae, ITO, SM 
Dibromomethyt bromide, 106 

iodide. 167 
Dichloretbj] cbloride, 137 
Dichlurometbune. lli:t 
Dlchloriiiethjl chloride, IM 

iodide, KIT 
Dicyanogeo, aSS 
Dietbj'lamiue, SOS 
Dielliylia, 2W 
Ui^ltiJeiii, 343 
Di^riLalin, 342 
DieitaliretiD. 348 
Di)-itiil(Me, 343 
Diinetli;! amine, 20S 

beniene, 318 

Gubiuol, 1T8 
Dimethylia, 2W 
DiiDorphiBtn. 80 
Diiodometbyl iodide, lUd 
Diaooryl, 234 
DivUlbility, 
DtTboiaiiie. 359 
Dulcite, 208 
Duluoae, 208 
Datch liquid, 229, 880 
Dj'nuoiM, 279 
Drslyain, 213 



Epplokrscbnck, S8 

Elvtin. 367 

ElKvl. 229 

Eleopteuca, 205 

l^l^^lro-tiBBatiTB, 18 

IjJ pel rci- positive, 18 

EleiiicDU. 7, 13 

Emetine. 1135 

EmuUioa. 343 

Equntiona, 10 

E(|iiivaient«. 9 

Ervtbriiie, SnO 

ErythriU., a^^9 

Eacrine, :i5!l 

Eaaence at bittet •Imonda, StO 

of obamomile, 220 

of mirbone, 319 
Easenoea, 198, OH 
Et<:lilDg. 60 
EthfO, lt», 1&» 



Etbene, 229. 387 

chlorhydrate, 230 
oblorhjdriD, 230 
chloride. 229, 280 
gl;ool, 231 
aiide, 231 
her. 181 
aoetio, 107 
amf 1 mtrooB, 100 
ethylic, 181 
fonnio. 197 
hjilmbromic. 162 
hydrochloric. 163 
hjtiriodio, 103 
mfilhylic, 180 



Ditiie, 194 
nitrons, 105 

oulio. 198 

phospborio, 195 

pyroaoetio, 204 

Bulphurio, 181 
EtherificatioD, 181 
Etherine, 107 
Etherol, 107 
hers, 162 

oompound, 158, 194 

haloid, 150 

mixed, 163, 183 

simple. IBS, ISO 
Ethyl. 140 

acetate, 197 

borates, 193 

bromide, 162 

curhinol, 178 

aarbonntes. 198 

chloride, 162 

(ormiate, 197 

hydrntc, 169 

iodide. 163 

mtrute, 104 

nitrite, '195 

oialuteB, 108 

oxide. 181 

Bulphsten. lOG 

anlpbide, 218 

■nlphydrate, 318 
Ethylomine. 206 
Ethylene. 230 

alcohol, 331 

bichloride, 230 

g\jca\. 231 

hydrate, 3SI 

oxide, 231 
Etbylia. 306 
Eaoalin, SOO 
Encalyptene, 207 
Eaoaljptol, 207 



FermontBtinn, ITll 
PfrmBntH, flniimil, 86! 
Fetricaci;UtLs. Jti) 
btomidat ;i79 
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Ferric, chloride, 879 

ferrocyanide, 880 

hydrates, 126, 878 

iodide, 379 

nitrateB, 379 

oxide, 378 

phosphate, 380 

pjrrophosphate, 880 

sulphates, 379 

sulphide, 378 
Ferrous acetate, 380 

bromide, 379 

carbonate, 380 

chloride, 378 

ferrioyanide, 881 

iodide, 879 

lactate, 380 

nitrate, 379 

oxalate, 380 

oxide. 378 

sulphate, 379 

sulphide, 378 

tartrate, 380 
Fibrin, 366 
Fibrinogen, 363 
Fibrinoplastic matter, 863 
Fire-damp, 157 
Fluids, 5 
Fluorene, 337 
Fluorine, 69 
Fluvinle, 295 
Foods, vegetable, 312 
Formamide, 208 
Formulae, 16 

empirical, 16 

general, 147 

graphic, 23 

of constitatioii, 23 

typical, 22 
Formyl bromide, 166 

chloride, 164 

iodide, 166 
Fraxine, 298 
Fnchdne, 333 
Furfurol, 298 
Fusel oil, 176 
Fusing-point, 6 



Gadinin, 288 
Oaduin, 283 
Galactose, 306 
Galena, 386 
GaUium, 381 
Gasoline, 160 
Gelatin, 367 

sugar of, 208 
Gin, 178 

Glauber's salt, 396 
Gliadin, 365 
Glonoin, 279 
Glucinium, 381 
Glucosan, 800 
Glucose, 170, 299 
Glucoses, 299 
Gluotmdes, 299, 342 



Glycerin, 274, 275 
ethers of, 277 

Glycin, 208 

Glyoocol, 208 

Glyooools, 156 

Glycogen, 318 

Glycol, 231 
toluyl, 324 

Glycollide, 247 

Glycols, 230 

Glycyrrhizin, 343 

Glyoxyidinrea, 272 

Gold, 374 

Grape-sugar, 170, 299 

Graphite, 142 

Guanine, 273 

Guaranine, 355 

Gum, British, 313 

Gum resins, 297 

Gums, 315 

Gun-cotton, 314 

Gatta, 295 

percha, 295 

Gypsum, 412 



Hjsmatin, 370 

Hffimatoorystallin, 369 

H»mocbromogen, 370 

Haemoglobin, 369 

Helemn, 214 

Homologous series, 146 

Hydrates, 18, 23 

HydrobUirubin, 370 

Hydrocarbons, 149, 228 
first series, 157 
second series, 227 
third series, 287 
fourth series, 292 
fifth series, 315 
sixth series. 334 
seventh series, 336 
eighth series, 336 
ninth series, 837 
tenth series, 337 
eleventh series. 337 
higher series, 338 
series of, 228 
non-saturated, 227 
saturated, 149, 157 

Hydrogen, 33 

antimonide, 132 
arsenides, 116, 125 
bromide, 77 
chloride, 72 
dioxide, 67 
fluoride, 69 
heavy carbnretted, 229 
iodide, 80 

light carburetted, 157 
nitride, 98 
oxide, 37 
peroxide, 67 
phosphides, 110 
silicide, 872 
sulphide, 84 
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^ydroqtuxl<me, 834 
Hygrometers, 96 
HyoBoyamine, 859 
Hypoxanihine, 273 



lOABURINB, 859 

niuminating gas, 287 

Indican, 871 

Indiglacio, 371 

Indigogen, 871 

Indium, 381 

Inosite, 306 

Inulin, 806, 814 

lodal, 203 

Iodine, 78 

Iodoform, 166 

Tridiam, 392 

Iron, 878 

acetates, 880 
bromides, 879 
carbonate, 880 
chlorides, 878 
ferricjanide, 881 
ferrooyanide. 880 
hydrates. 878 
iodides, 379 
lactate, 880 
nitrates, 379 
oxides, 378 
phosphates, 879 
pjrrophosphate, 880 
salts, 379 
sulphates, 879 
sulphides, 378 
tartrates, 380 

Isethionamide, 280 

Isodulcite, 348 

Isomerism, 147 

Isomorphism, 29 

Isoprene, 294 

lyory black, 143 



Jalapin, 848 
James' powder, 134 
Javelle water, 401 
Jet, 142 



Kaolin, 883 
Kelp, 78 
Keratin, 867 
Kerosene, 160 
Ketone, 204 
Ketones, 154 
King's yellow, 123 
Kyanol, 332 



Lactinb, 809 
Lffctose, 309 
Lncvogyrous, 32 
La3vnlo8an, 305 
Ls^vulose, 305 
Lamp-black, 143 



Lard, 284 
Latent heat, 6 
Laughing-gas, 99 
Laurene, 818 
Law of Ampere. 10 

Avogadro, lO 

definite proportions, 7 

Dulong and Petit, 13 

multiple proportioiis, 8 
Laws of Dalton, 7 

Gay Lussao, 9 
Lead. 384 

acetates, 887 

black, 142 

carbonate, 887 

chlorides, 886 

chromate, 887 

dioxide, 886 

glycocholate, 211 

iodide, 386 

monoxide, 386 

nitrate, :]86 

oxides, 386 

peroxide, 386 

protoxide, 886 

puce oxide, 886 

red, 886 

salts, 386 

sulphates, 386 

sulphide, 386 
Lecithin, 286 
Lecithins, 206 
Legumin, 365 
Lethal, 199 
Leucine, 214 
Lichenin, 315 
Lignin, 314 
Lime, 411 

chloride of, 412 

water, 411 
Liqueurs, 178 
Litharge, 385 
Lithium, 398 

bromide, 393 

carbonate, 393 

chloride, 393 

hydrate, 893 

oxide, 393 

salU, 893 

urates, 269, 393 



Maclurin, 345 

Magenta, 833 

Magnesia, 416 
alba, 417 

Magnesium, 416 
carbonates, 417 
chloride, 416 
hydrate, 416 
oxide, 416 
phosphates, 416 
salts, 416 
sUicates, 417 
sulphate, 416 

Malt, 170 
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HaltOM, 309 
UiiDKaaeae, -378 
oxldw, 876 
•ftlti, 87S 

ManniU. 298 
SIuuDitooe, 806 
Iklareh giu, 157 

HaDTein, 334 
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MalaniB. ^71 
Aleluiitut.e. KIO 
M=llitp, 3^0 
HeUann, 199 
Holitose, SOD 
Weathol, 397 
Menjaothia, 814 
llercaptAn, 318 
Mercaptides, S18 
Mercuric ohioride, 435 

ovaiilde, 42» 

iodide, 436 

oxide, 434 

anlpbide, 434 
Hercurcoa chloride, 424 

iodide, 426 

oxide, 438 
UenniFy, 423 

cbloridea, 434 

iodides, 126 

oxides, 423 

ulte. 437 

■nlphidea. 434 
Henitjlene, SIS 
Hesox&l;liiieft, 373 
Hetaehlonl, 300 
MeCaUoR^uiideB, 84l 
Mptalloida, 36 
Hetals. 30 
Helameriam, 147 
Hethal. 199 
ML'tli.'iic. 220 

chloride, 163 
Hethen;! bromide, 106 

chloride, 164 

iodide, 166 
Hethvl benEODs, 319 

bromide, 163 

oarbiool, 100 

chloride, 163 

glvoocol, 309 

bjdrale, 168 

hydride. 157 

iodide, 163 

nitralie, 194 

nitrite, 194 

oxide, 180 
Methylamina. 305 
Hethflene, 320 

bichloride, 103 
Uetbylio, 205 
HUk, m\t 

or lime. 411 



lonle. 7, 1 A 

.'bdenuju^TS 
M<iDninid4PH 
Momuuiuea, 155, 205 
MoDOchlorm ethyl chloride. 163 
Monochlorothyl chloride, 167 
Morphine. y51 
Muoia, 367 
Muresid. S09 
Muscarine. 307, 859 
Myooee, 810 
Hyoein, 868 
l^Cfl hydrate, 160 

Naphtha, 159 
wood, 108 

Xaphthaleae, 336 
Kaphtbydrcno, 386 



_ .re, 401 
Nitro-beiueDe,816, 319 

benzol, 310 

cellulose, 314 

gflycerio, 378 
Nitrogen, 04 

bromide, 100 

chloride, 106 

dioxide, 100 

Iodide, 106 

monoxide, 09 

pentoxide, lOt 

peroxide, 100 

protoxide, 90 

tetroxide, 100 

trioxide, 100 
troiia (umet!. 100 
imcaclatnre, 30 



Oils, 379 

dUtilled, 394 

fixed, 279 

lubricating. 161 

volatile, 2»3. 294 
Olefiant gu, 330 
Olefioes. 337 
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Osniium. 373 
OsaJyluren. 271 
Oxamide, 274 
Oxycholine. 207 
Oi.voincbonine, 8S5 
Oxygen. 35 
Oxynenrine. 207 
Oxyphenols, 824 
Otone, 37 
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Palladium, 802 

Pancreatin, 868 

Paraffin, 161 

Poraffines, 149, 158 

Paraglobalin, 863 

Paramorphine, 858 

Parapeptone, 866 

Parasacoharose, 810 

Paris green, 421 

Pearlash, 413 

Pentene, 229 

Peonin, 821 

Pepsin, 868 

Peptones, 866 

Permanent gases, 84 

PeruTin, 884 

Petroleam. 158 

Phenioin, 821 

Phenol, 820 

benzylic, 823 
cresylic, 822 
cymylic, 823 

Phenols, 819 

Phenyl, 832 

hydrate, 816, 820 

Phenyl amine, 882 

Phlorizin, 348 

Pbloroglacin, 825 

Phosgene, 235 

Phosphamine, 110 

Phosphines, 219 

Phosphonia, 110 

Phospboms, 106 
bromides, 115 
iodides, 115 
oxides. 111 
oxy chloride, 115 
pentachloride, 115 
pentoxide. 111 
sulphides, 115 
trichloride, 115 
trioxide, 111 

Phycite. 289 

Physostigmine, 859 

Pionometer, 4 

Pilocarpine, 860 

Pinite, 292 

Plasmine. 868 

Plaster-of Paris, 412 

Platinic chloride, 892 

Platinum, 892 

Plumbago, 142 

Plumbates, 886 

Poisons, 75 

Polarimetry, 81 

Polymerism, 147 

Porcelain, 888 

Porter, 175 

Potash, 400, 403 

Pota^sa. 400 

Potassium, 899 
aoetate, 402 
aluminate, 883 
arnenite, 125 
bichromate, 406 
bromide, 400 
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Potassium, carbnnates, 403 

chlorate, 401 

chloride, 400 

chromate, 403 

cyanide, 405 

dichromate, 403 

ferricyanide, 406 

ferrocyanide, 406 

hydrate, 400 

hypochlorite, 401 

iodide, 400 

nitrate, 401 

oxalates, 408 

oxides, 400 

permanganate, 403 

pyrosnlphate, 402 

salts, 401 

sulphates, 401 

sulphides, 400 

sulphites, 403 

tartrates, 402 
Potato spirit, 179 
Proof spirit, 172 
Propiane, 204 
Propyl benzene, 818 

hydrate, 178 
Propylamine, 206 
Propylphycite, 289 
Protein bodies, 860 
Protein, 365 
Protogon, 286 
Prussian blue, 406 
Pseudoxanthine, 268 
Psychrometers, 96 
Ptoamines, 860 
Ptyalin, 868 
Pyrene, 888 
Pyrites, 878 
Pyrocatechin, 824 
Pyrodextrin. 811 
Pyrogallol, 825 
Pyroxam, 812 
Pyroxylin, 814 



QUERCITB, 293 
Quercitrin, 348 
Quick-lime, 411 
Quinine, 858 
Quinone, 324 
Quinova red, 345 
Quinovin, 848 



Radicals, 17, 146 
Ratafia, 881 
tiealgar, 122 
Reduction. 84 
Resins, 297 
Resorcin, 824 
Rhigolene, 159 
Rhodium, 892 
Ricinine, 280 
Kock crystal, 872 

oil, 158 
Rosaniline, 888 
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Roein, 293 
Rubidiam, d93 
Ram, 178 
Ratheniam, 892 



Baccharidbs, 308 
Saccharoses, 299, 307 
SaffraDin, 334 
Sal ammoniac, 409 

YolatUe, 410 
SalaBratns, 408 
Salioin, 343 
Salicylol, 331 
Saligenin, 824, 844 
Salt, Epsom, 416 

of lemon, 403 

of tartar, 402 

Rochelle, 406 

Seidlitz, 416 

sorrel, 408 
Saltpetre, 401 

Chili, 396 
Santonin, 844 
Saioine, 278 
Saroosine, 209 
Soheele^s green, 421 
Sohweinforth green, 421 
Sea salt, 894 
Secalin»206 
Selenium, 93 
Septioine, 860 
Serin, 368 
SUez, 372 
SiUoates, 872 
SUicic oxide, 872 
Siliciohloroform, 872 
SUioon, 372 

chloride, 872 
Silyer, 407 

bromide, 407 

chloride, 407 

cyanide, 408 

nitrate, 408 

oxides, 407 

salts 408 
Soaps, 285 
Soda, 894, 898 
Sodium, 894 

acetate, 898 

aluminate, 882 

arsenite, 125 

borates, 898 

bromide, 395 

carbonates, 898 

chloride, 894 

glycooholate, 211 

hydrate, 894 

hypochlorite, 898 

hyposulphite, 397 

iodide, 896 

nitrate, 396 

oxides, 894 

permanganate. 898 

phosphates, 897 

salto, 396 



Sodinm, silicates, 897 

sulphates, 396 

sulphovinate, 196 

tui^rgtate, 378 

urates, 269 
Solanine, 844, 859 
Sorbin, 306 
Spermaceti, 199 
Spirits, 171. 177 

methylated, 169 

pyrozylio, 168 

wood, 168 
Stannic compounds, 891 
Stannous compounds, 891 
Starch, 810 
Stearoptenes, 295 
Steel, 378 
Stercobilin, 871 
Stethal, 199 
Stibines, 219 
SUlbene, 337 
Strontium, 411 
Strychnine, 856 
Styracin, 834 
Styrol, 384 
Styrolene, 384 
Styrone, 834 
Sucratee, 308 
Sugar, beet, 807 

candy, 807 

cane, 307 

diabetic, 299 

of gelatin, 208 

grape, 299 

inverted, 308 

of lead, 887 

Utct, 299 

milk, 809 

muscle, 806 

physiology of, 800 

tests for, 302 

oncrystallisable, 805 
Sulphethylates, 218 
Sulphobcmside, 816 
Sulphur, 82 

bromides, 98 

chlorides, 98 

dioxide, 86 

iodides, 98 

trioxide, 87 
Sulphurea, 267 
Superphosphate, 896 
Supersaturation, 412 
Synanthrose. 310 
Syntonin, 866 



Tallow. 284 
Tannin, 844 
Tartar, 403 

emetic, 405 
Taurine, 211, 230 
Tellurium, 93 
Terebenthene, 292 
Terpine, 292, 297 
Terpinol, 297 
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Terra alba, 412 
Test, Boettger's, 803 

Fehlmg*8, 303 

fermentation, 303 

Frezenios* and von Babo'a, 130 

Gallois', 306 

Marsh's, 117, 129, 132 

Moore's, 302 

Mnlder-Neabaner's, 302 

Pettenkofer's, 21;^ 

Piria's, 217 

Reinsch's, 127 

Scherer's, 216. 306 

Trommer's, 302 
Thebaine, 353 
Theine, 355 
Thioldine, 200 
Thymol, 323 
Tin, 390 

compounds, 391 
Tincal, 398 
Titanium, 390 
Toluene, 318 
Toluidine, 318 
Toluol, 318 
Trehalose, 310 
Tributyrin, 277 
Trichloraldehyde, 200 
Triethylamine, 206 
Triethylia, 206 
Trimargarin, 278 
Tri methyl benzene, 318 
Trimethylamine, 206 
Trimethylia, 206 
Trimorphism, 30 
Trinitro-glycerin. 278 
Trinitro-phenol, 321 
Triolein, 278 
Tripalmitin, 278 
Triple phosphate, 417 
Tristearin, 278 
TriTalerin, 278 
Trypsin, 369 
Tungsten, 373 
Tunicin, 314 
TumbuH's blue, 406 
Turpentine, 293 
Tutty, 418 
Typical elements, 27 
Tyrosine, 216 



Urba, 257 

determination of, 264 

nitrate, 259 

oxalate, 260 

tests for, 268 
Ureas, compound. 267 
Ureids, 271 
Urethan, 198 
Urinary pigments, 371 



Urinometer, 5 
Urobilin, 370 
Urozanthin, 871 



Valence, 15 
Valeral, 203 
Valerine, 229 
Varech, 78 
Vaselin, 161 
Veratrine, 359 
Verdigris, 422 
Vermilion, 424 
Vinegar, 187 

wood, 168 
Vitelin, 363 
Vitriol, blue, 421 
green, 379 
oU of, 89 
white, 418 



Watkb, 37 
glass, 397 
hardness of, 49 
impurities of, 49 
mineral, 58 
oxygenated, 67 
purification of, 57 

Weight, absolute, 2 
apparent, 2 
atomic, 11 
molecular, 11, 14 
relative, 2 
specific, 2 

Whiskey, 178 
fWhite lead, 387 

precipitate, 426 

Wine, 175 
oU of, 196 
spirits of, 169 

Wolfram, 373 

Wourara,359 



XANTinc oxide, 272 
Xanthine, 272 
Xenols, 323 
Xylene, 318 
Xylenols, 323 
Xyloidin, 312 
Xylol, 318 



Yeaot, 170 



Zmc, 418 

compounds of, 418 

ethyl, 219 
Zirconium, 390 
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